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EPIDEMIC ENCEPHALITIS 
A CLINICAL STUDY 
By W. M. Harp and V. R. Masox 


Harriet Lane Home and the De partment of Vedicine, Thee Johns Hopkoa Ho 1 


The recent epidemi of encephalitis began 1n Europe dur- therefore, that a presentation of the chief clinical features 


ing the winter of 1916-1917 and the first cases were reported and of the late symptoms and sequele of the disease in this 


by von Economo* from Austria and by Cruchet ~ from North series Of Cases may be of interest at this time. 
ern France at about the same time. Early the next winter 


the disease appeared in epidemic form in Paris where it wa: NOMEXCLATURI 
studied by Netter* and others." ° Following these publica- Ti) i | i 
: y » ‘ . 1 disease, Originally escriper under tne neadings 
tions instances of the disease were recognized in many locali- , hal ‘et bo . — 
. ’ nm . ' . _ , “ Eneephatitis tethargica by von Keonomo” and * Diffuse 
ties throughout Europe. The first cases observed in England area saaetgee 
sal : 6 Encephalomyelitis ” by Cruchet* in 1917, has recently been 

were mistaken for botulism, but the error was soon cor- 4% > Ae K hal 
. : : < given a number of different names, such as une lalitis 
rected and the identity of the British and continental cases nga pen ie ais 
Was established as the result of the Investigations ot Mc Nalty, myocloni ~ Encephalitis noreiformis _— Ene ephalitis 
* \l adh Witatadk” aud ethan : comatosa, depending on the predominant clinical symptoms 
James, Marinesco an c osh, and others. ae aa : 
a , . , presented by the patient. The tendency to diversity of 
lhe malady did not remain confined to Europe, but prob . 
. ‘ nomenclature is untortunate, because the us types of 
ably favored in its spread by extensive troop movements, a vure ortunate, because the numerous types of 
oon appeared in Africa, Asia, Australasia and America.”: “ the disease so merge one into another that no one name based 
SOO i rearTet d a, siSla, : SUPalasia « ‘ ? a. E ‘ : ; 

) > % % eS 1S i able to j arge i ber 
It was apparent, therefore, that the various local epidemics on the clinical features is applicable to a large number of 
nSses 4 s ; “res ; arcan - ’ ‘Te mstance 
were in reality parts of a great pandemic of a disease of the acres Thu » Bourges and Marcandier “ reported an instance 
pervous svatem of the disease in which choreiform, myoclonic, catatonic, 
* a , ; : : vileo curt P - delirious and comatose staves = 
Since the appearance ol the epidemi in the United States lethargic, athetotic, deliriou oe reemeuee ant =a 

during the winter of 1918-1919 we have had an opportunity observed successively. 

to observe a large number of patients affected with the dis- Moreover, it is incorrect to combine the term “ encepha- 


ease in the wards of The Johns Hopkins Hospital, and in litis ” indicating a pathological process with the descriptive 


many instances it has been possible to follow them for a con- term ™ lethargica,” * choreatica, etc. It would be more 


siderable period of time after their discharge. We believe, logical and more convenient, therefore, to include all cases 
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Kpidemie Encephalitis ~ 


the disease under the heading 

ine necessa or deseriptive purposes, to add the modity- 
rise with lethargy,” “with myoclonia.” ete. 

I" C bab Kpidemie Eneephalitis 4s Was irst employed Dy 
Buzzatd " in 1918 and has lately received w de usage. It is 
en to two objections which, however, are not serious. In 
( rst place, the lesions in many instances are not limites 
to the encephalon but may be present in the meninges, spinal 
ord and peripheral nerves, and it would be more correct to 
em oy the more comprehensive term * meningo-encephalo- 
o-neu some instances, as proposed by Barker, 
Cross and Irwin.” Unfortunately this designation Is too 
unbersome for popular usage. In the second place, the term 
pidemi s not applicable to sporadic cases, as Netter has 
pomted out, Despite these minor objections, the name ~ KE pi- 


Eneephalitis ”’ will be employed throughout this paper 


demi 


designation so far proposed, 


1@ Most sullahle 


I PIDEMIOLOG) 


articular interest that the pandemic of encepha 


tis occurred almost simultaneously with a pandemic ol 


re influen a and, as Was To he expected, the causal and 


relationship of the two maladies was care- 


( pidemiologi al 
full 


medical historians. 


epidemiologists and 


investigated by a large number of 
‘concluded, from a study of 


thai 


Crookshank 


features of encephalitis and influenza, 


( historical! 


and endemics of a disease similar to the epidemic 


eplLdebillcs 


phalitis of recent vears have been observed for at least 


enct 


four centuries. In great part they have appeared shortly 
efore or after or in geographical proximity to epidemies 


as “influenza.” “la erippe.” or 


Snow variously “ sweating 


~ <ness 
rhe 


recent 


simultaneous occurrence of the two great pandemics 


vears is, therefore, not especially remarkable, for as 


pointed out the two diseases have often occurred in 


above, 
close temporal relationship. Furthermore, although the two 
pandemics appeared at about the same time, they seem to 
have been disseminated by somewhat different paths, so that 

one part of the world encephalitis preceded influenza, in 
other influenza preceded encephalitis and in other localities 
1e two occurred simultaneously. Epidemiological investiga- 
ons of the diseases, therefore, lend little support to the con- 
of certain authors that epidemie encephalitis is a 


yet 


post-influenzal atfection. Moreover, we have as no 


methods of differentiating influenza from certain other acute 
epidemic encephalitis from similar cases of 
Oph- 


infections or 
acute or sub-acute non-suppurative encephalomyelitis. 
thalmologica as well as neurological * literature prior to 
the recent epidemic contains records of cases similar to if not 


] 


entical both clinically and histopathologically with epidemic 


\ number of these have occurred sporadically. 


ephalitis. 
It is probable, therefore, that influenza and epidemic encepha- 


itis frequently occur in sporadie form and that, in conse 


quence, epidemics of either or both of these diseases are 


possible when conditions at present not well understood are 


favorable to their wide dissemination. 


HOSPITAL 
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\ study of the records of our cases of epidemic encepha- 


itis has shown that influenza in a recognizable form has 


| 
seldom preceded directly the onset of encephalitis. In a 
instances, moreover, the patients were born after 
The 


does not favor the assumption that the two diseases 


number of 


the major cpidemie of influenza. evidence at hand, 
therefore, 
ure causally related, but since our knowledge of the etiology 
of each affection is still incomplete, a certain solution of the 
problem IS hot possible. 


Epidemic encephalitis, although in all probability an in- 


fectious disease, is only slightly contagious. It is remarkable 
that the atfection became world-wide in distribution with so 
Netter could 


France and an equal number reported from 


few evidences of its direct transmission. find 


but elght cases in 


Kngland in which the disease occurred in more than one 


member of a family. Although a large number of patients 


with the disease have been cared for in hospitals, reported 


instances of bed to bed or even of ward infection are rare. 


\n outbreak in an institution for girls has been reported * 
the only instance of the kind we have encountered in the 
Lechelle 


between lo 


literature. Guillain and reported a case of the 


disease which occurred and 


30 days after the 


patient had visited the home of his father who had died of 


the disease seven months previously. Roger,” in a recent 
article, stated that, although about 10,006 cases of encepha- 
litis had occurred in France, direct contagion could be traced 
174 

He believed 


cases. In no locality had a true epidemic 


that 


in only 
occurred. the disease was transmitted by 
means of healthy carriers or unrecognized cases. 

Netter,” Renault,” studied the 


ft a 


James,” and Bernard and 


large number of cases in France and in 


epidemiology ( 
Kngland and concluded that, although widely distributed, the 
disease occurred chietly in the more thickly populated dis- 
The 


determined from their studies. 


tricts. precise mode of dissemination could not be 

In our series of 81 cases we have not encountered a single 
instance in which more than one member of a family or 
household was affected, nor has it been possible to determine 
the mode of infection. 

The accompanying chart (‘Table I) shows the age, sex and 
color of the patients and also the date of the onset of symp- 
It will be seen that there were 46 males and 35 females. 
Over half of 


shows 


toms. 
The ages varied from seven weeks to 65 years. 
the tenth The 
furthermore that the greatest number of cases developed dur- 


the patients were past year. chart 
ing the months of January, February and March, although 


cases appeared throughout the entire year. 


CLINICAL CONSIDERATIONS 


It will be convenient to preface the discussion of the symp- 
tomatology of epidemic encephalitis by some important in- 
ferences which may be drawn from the histopathological 
studies of the disease. 

The wide distribution of the lesions of the nervous system 
which may be surmised from clinical examination during the 


course of the affection readily explains the multiplicity and 
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TABLE | 
(THE CASE NUMBER REFERS TO CASES CITED IN THE TEXT) 
Cerebrospinal fluid 
sg Age Sex Color ae of 
ed ~ Number of | Wassermanr reaction Globulin Gold chloride curve 
disease cells | 
] t years. M. W. January 16, 1920. 90+ 10 Negative. 0 0000000000 
102+ 3 0 1000000000 
160+ 5 sates 0 0000000000 
2 1l years. M. W. February 19, 1920. 3 7 Negative. 0 
6 28 0 
23 a) + 
5 2 
65 i aw + 1111000000 
} 12 years, M. W. October, 1919. 8 10 Negative. 0 0001000000 
! 16 years. F. W. November, 1919. 
6 years. F. W. November 9, 1919. { j Negative. ™ 1121000000 
ll 3 
6 65 years. M. W. August, 1919. HO+ 200 Negative. 0 0011000000 
62+ 90 ' v0 
77+ 0 Seatenanwn 0 
7 24 years. M. W. January, 1920. 19 30 Negative. + Negative. 
43 17 Negative. - Atypical paretie. 
~ 37 years. M. W. | February, 1920. 120 70 Negative. 0 1122210000 
Q 6 years. F. W. | September 16, 1920. 4 14 Negative. + 
8 26 - 
10 24 vears. F. W. | February, 1919. 20 17 Negative. 1 alle 2244211000 
| 
1] 36 years. M. W. March, 1920. 23 19 Negative. t+ Luetic zone. 
| 26 44 1 Luetic zone. 
19 3 + Luetic zone. 
65 ] errr + Luetic zone. 
12 35 years. M. B. | March, 1920. 42 6 Negative. + 2222200000 
13 5 years. M. W. February 4, 1920. 5 55 Negative. 4 1111221000 
l4 8 years. M. W. May 18, 1920. l 50 Negative. fe 
2 40 Negative. + 1111110000 
3 250 westaeas + 
9 66 4. 
16 1] iaaaerdoe anes + 
15 18 months. F. W. September 26, 1920. 4 33 Negative. 0 
16 34 years. M. W. December, 1920. 14 26 Negative. 0 0000000000 
l7 7 weeks. F. W. April 1, 1919. 5 28 Negative. +. 1122210000 
10 10 <seaitonniie Sara 0 
18 28 years. F, B. May, 1920. 5 9 Negative. + 
19 19 years. M. B. March, 1920. 4 368 Negative. 0 1444110000 
20 2 months. M. Ww. April 2, 1920. 1 36 Negative. + 
7 34 + 
12 22 4. 
17 ll 
21 4 months. F. W. March 17, 1920. l 10 siete ted 0 
9 20 Negative. + 0110000000 
17 ll oa +. 
28 8 (enae deans -o 
22 5 years. F. W. February 1, 1920. 49 6 Negative. ++ 1222100000 
23 10 vears. F. Ww May 15, 19290. 75 28 peeneehwen b+ 
79 ll Negative. +. 2233443210 
86 6 Negative. + 0112011100 
95 3 cts scbet-eee aa 
24 2 years. M. B. August 8, 1920. 2 18 Negative. 0 
4 21 sapere 0 
7 5 0 
s 16 3 ee ee 0 
25 37 years. M. WwW. March, 1920. 21 70 Negative. oa 1222100000 
| 
65 25 vears. M. Ww. March, 1920. 120+ 3 Negative. 0 0000000000 
. 
27 26 years. M. W. June, 1920. 60+ 15 Negative. + 
| 
28 3 years. F. Ww. September 6, 1920. 6 7 Negative. 0 
22 6 eae 0 | 
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TABLE I—ContTInveED 





Cerebrospinal fluid 


Date of onset of 


+3 Age Se Color 
\« syvimpt ms vo u e . , 
pn thal — Of Wassermann reaction Globulin Gold chloride curve 
29 l7 vears. F. B February, 1920. 30 225 Negative. 4 1111000000 
Dd 20 Negative. } 111 1000000 
0 27 years. F. B October, 1920. rn 3 Negative. 0 3442100000 
12 years. M. W. September, 1919. 30 22 Negative. 
ye 25 years. M. W. February, 1920. ri 25 Negative. 0 
10 58 Negative 0 
10 t Negative. 0 
> years. Ir. \\ February, 1920. 120+ 3 Negative. 0 1121100000 
4 9 years. M. \\ February 27, 1920. LS0- Blood. Negative. 
2 years. M. B. March 1, 1920. 27 19 Negative. 1. 1111000000 
3 26 ee 0 
34 1S — 0 
1 ti “ee + 
ih) lO 
( 6 vears M. W. February 3, 1920. 90 2 Negative. 
37 0 years I W. April, 1920. 
38 7 years. M. W. February 19, 1920. ) 3 Negative. : 1110000000 
+ 9 years M. WwW. February 11, 1920. 8 | Negative. 4 O1L1L0000000 
10 2 years. M. W February, 1920. s Negative. 0 
41 13 years. F. Lb. April, 1920. a) 60 Negative. Lt) 
42 14 vears M \\ September 20, 1920. l 8 Negative. 
43 24 months. M. \\ lune 9, 1920 ti 36 Negative. 1. 1111110000 
44 »4 vears. I W, May 6, 1920. 0 20 Negative. 4 111] 100000 
15 2 years. F. W. October 2, LOIS. s 92 Negative. 0 
l7 9 . “ 
45 2 years. | \\ August, 25, 119. } 30 Negative. 0 
6 12 ; ins 
47 20 years. IF. \\ December, LOLS 1} $2 Nevative. aa 122110000 
13 70 Negative. 4 1122100000 
It i4 Negative. 0 1143210000 
4H) 13 Negative. bnaheond 455542 L000 
tit 6 Negative. + 5443210000 
is 17 vears. KF. \W February, LL) 42 2 Negative. + Luetic zone. 
50 7 Negative. + Atypical pareti 
19 $8 vears M \\ February, 1919. 22 97 Negative. +++ Meningitie curve 
27 13: Negative. fi chivclbccll Paretic curve 
2 0 Negative os Atypical. 
65 } Negative. 
0 > Vears I. W. Mareh, L819. 7 Blood. Negative. 
| 32 vears | \\V March, 191). 0+ i Negative. 0 0122100000 
2 10 vears \l B luly, 1919 24 HW) Negative. baal 2244210000 
38 7 Neyvative. i 1223211000 
O53 ys; vears. M W. November, 1919. 30 30 Nevative. iT) 1121000000 
oe 465 Negative i) 1111100000 
55 i) Negative. 0 0111100000 
4 i years. F \ February 24, 1920. 120+ 5 Negative | Q0O0000000 
5 0% vears. M. \\V January 6, 1920. 360 38 Negative. | Q001LLOO00 
390+ 6 fe 1223010000 
5b 3 years M. \\ May 9, 1920. 7 3 Negative. { 
9 3 0 
57 % years F. W. January 16, 1920. ) 132 Newvative. 
7 72 1122100000 
1] 5! 1 
s 8 years. M W. June 2, 1919. } 160 Negative. 0 
6 200 , r 
12 230 ; i 0 
17 8 ; 0 
+ ) years F. \W November 27, 1919 7 27 Negative. ' 0111000000 
17 7 
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TABLE I—ConrInveEpD 


Cerebrospinal fluid 


Date of onset of 


vem Age Sex Color 
N ymptoms Davy of Number of . 
Wassermann reactior Globulin Gold chloride curve 
disease 2 cells 
60 6 years. IF. W. June 18, 1919. } 55 Negative. 0 
5 56 Sele 0 
61 25 vears. F. B. March, 1920. ? 3 Negative. 0 1111200000 
62 14 years. F’. W. December, 1919. 300+ 23 Negative. Negative. 
63 18 years. M. W. February, 1920. 330-4 5 Negative. +. + Luetic zone. 
64 37 years. M. W. December, 1920. 26 23 Negative. i GOO0O000000 
65 13 vears. F. W. December, 1920. $2 3 Negative. 0 
66 1) vears. F’. B. January, 1920. 
67 20 years. F. b. January, 1920. 0 25 Negative. - 1411100000 
100 10 Nevative. . 2443311000 
68 20 years. M. B. February, 1120. 2) 150 Negative. n 1121000000 
27 150 Negative. n 2221100000 
37 0 Negative. 0 1222 100000 
7 l Negative. 0 
69 34 vears. M. B. February, 1920, $2 30 Negative. 1 1343210000 
72 20 ee eee 
70 13 years. M. B. March, 1920. 23 87 Negative. 0 1112210000 
4] 18 Nevative. 
tb 7 Nevative. 
7 32 years. M. W. April, 1920. i 3 Negative. 0 1111100000 
72 } years. F. W. July 17, 1919. 2 Negative. 0 1100000000 
, a) 
ry 46 
73 ) years. M. W. February 8, 1920. ry l Negative. ‘ 1111100000 
74 12 years. M. W. January 20, 1921. 1s TF | Negative 
id 13 vears. M. W. January, 192). 1] PS) 
76 19 years. M. _ - December, 1920. 0+ Is Negative. 0 OOVOOO0000 
ii 10 years. M. Ww. February, 1921. i 1l4 Negative. QOO0000000 
78 i years. F. W. December 15, 1920. 42 5 Negative. 0 1111100000 
7 » years. M. W. February 7, 1921. ! 70 Negative. 1111100000 
so 5 weeks. F. B. January 28, 1921. ) 270 Negative. 
8] S years. M. \. January 17, 1921. 14 Ss Negative HOOO000000 
diversity of the neurological symptoms encountered. More that svmptom complex. The important symptoms, howeve1 
over, these changes are produced by a virus which is will be discussed seriatim and illustrated when possible by 
apable of damaging functionally important brain § areas ase reports. 
Without necessarily producing permanent anatomical changes 
8 , : SYMP! IS AN ‘YPES OF ONS 
(Marinesco*). It has been demonstrated, furthermore, both TMPTO) b TYPES 0 “SEI 
\ clinical and histological methods that as one alfected area lt ~ ol necessary ere to aiscuss the wrious svmoptoms 
of the nervous system is recovering anether area may be encountered during the early stages of the affection except in 
attacked, thus adding, in certain instances, new clinical a general way, because thi sequence of events at onset is 
features to an already complicated symptom complex. It is clearly set forth in the detailed case histories recorded below, 
ipparent from these considerations, therefore, that the chiel However, it will be advantageous to call attention t 
haracteristic of the malady is the kaleidoscopic appearance general division of symptoms at onset which is necessary fi 
1 transient neurological symptoms dependent chiefly on a proper understanding of the disease. These manifestations 
alterations in the midbrain and the basal ganglia, and in some fall into two fairly well defined groups as follows: First. 
nstances in the spinal cord and peripheral nerves (Bur- those dependent on a general reaction of the individual to an 
. av > 1 
OWS), acute infectious disease; and second, those referable to in 
In this report no attempt will be made to construct clinical volvement of the nervous system. These symptoms are fever, 


tvpes of the disease depending on the prominence of this ot headache, malaise, nausea and vomiting, abdominal pain, 
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irritability and restlessness. In children delirium and con- 


vulsions were also frequent at the onset. Drowsiness, in- 
somnia, diplopia and other visual difficulties, involuntary 
movements, muscular jerkings, tremors, spasticity, root pains, 
general weakness and psychoses occurred with especial 
frequency. 

The onset may be abrupt or gradual, but in general a 
period of time elapses between the appearance of the general 
symptoms of infection and the development of the neuro- 


logical symptoms. 


DISTURBANCES OF GENERAL CONSCIOUSNESS 


Disturbances of general consciousness often combined with 
psychical disorders have been prominent features of the 
clinical course in most instances, No constant type of dis- 
turbance has been encountered but, on the contrary, all 
gradations between sleeplessness at one extreme and coma 
at the other have been observed. 

In a few cases sleeplessness of days’ or weeks’ duration was 
present and preceding or subsequent lethargic states were not 
observed. The following case may serve as an example: 


Case 1—W. J., a white boy, aged 4 years, was admitted to the 
Harriet Lane Home April 23, 1920, because of inability to sleep at 
night. He had been perfectly well until January 16. That evening 
he was not able to go to sleep and since that time this condition had 
persisted. Because of this nocturnal restlessness and activity, he was 
thought to have chorea. The mother stated that the child stayed 
awake all night spending the time in constant activity, talking, play- 
ing, singing, whistling, ete. Toward morning he would go to sleep 
and sleep a variable length of time, sometimes all day, sometimes 
only an hour or so during the entire 24 hours. Various means to 
combat the insomnia had no effect whatsoever, nor did keeping him 
awake during the day induce sleep at night. 

Paralyses had never been noted. Examination on admission showed 
a well-nourished boy. No definite abnormal findings were obtained on 
physical examination. The cerebrospinal fluid was normal. The 
behavior of the child, however, was very striking. As night-time 
approached, he became very active, jumping up and down in bed 
and talking incessantly. He would often stay awake all night, at 
times talking to himself, at other times whistling and singing, 
fretting and crying, but never lying absolutely still. He spat a good 
deal both in the bed and on the floor. He would frequently wet the 
bed. When excited, he would stammer. The greater part of the 
night would be spent in ceaseless activity. Toward morning he would 
fall asleep. As a rule he slept from 3 to 12 hours in the 24; always 
between 5 a.m.and6 p.m. The striking point about his sleep in the 
daytime was that it was very deep and when awakened for meals 
he would fall asleep immediately, sometimes in the act of eating 
It was found very difficult to keep him awake during the morning. 
On awakening he would behave quite normally until evening when 
the same behavior would be repeated. Continuous tubs and packs 
were unsuccessful in bringing on sleep. He was discharged July 11, 
without any definite improvement in the insomnia. Since his return 
home there has been but little improvement in his condition. 

Again, the insomnia of the acute stage of the disease might 
be followed by lethargy of several weeks’ duration as in the 
following case: 

Case 2.—W. D., a white boy, aged 11 years, was admitted to the 
Harriet Lane Home February 21, 1920. The past history was unevent- 
ful. On February 19, 1920, while at school, he became very excited 
and talkative and was sent home. His mother noted that he was 


irrational at times. The following night he became delirious. There 
had been no conyulsions. Examination on admission showed 4 
well-nourished boy, in active delirium, thrashing about in bed. There 
were no abnormal physical findings. The leucocyte count was 9800. 
The cerebrospinal fluid was normal (for subsequent examination see 
C. 8S. F. chart). The temperature was 100° F. but rose rapidly to 
104° F., remaining there for six days, gradually falling to normal on 
the 15th day, with frequent slight elevations thereafter. He re- 
mained in active delirium for seven days, muttering constantly and 
pulling at the bed clothes. Typhoid fever was suspectéd, but excluded 
by the various laboratory examinations. Following the subsidence of 
the delirious state the patient passed into a state of lethargy in 
which he remained for ten weeks. At first he could be aroused and 
made to respond to questions, but he soon passed into deep coma, so 
that for five weeks it was necessary to administer both food and 
fluids by gavage. The mask-like facies during this period was strik- 
ing (Fig. 1). Beyond the somnolence no striking neurological features 
were made out, until March 12, when external strabismus, a 
bilateral ankle clonus and a positive Babinski were noted. Hyperpnea 
followed with diminished bicarbonate content of the blood serum 
26 volumes per cent (Van Slyke) ), which was not relieved by sodium 
bicarbonate. In spite of the administration of 1000-1500 calories 
per day by gavage, the patient lost considerable weight. From the 
first of May, he gradually improved, responded to questions, talked 
ind moved his limbs. The ankle clonus, Babinski and strabismus dis- 
appeared. The facies remained, however, immobile (Fig. 2). He 
was allowed to leave his bed and was discharged June 20, apparently 
well save for weakness and general spasticity. By July he was walk- 
ing about the house and sleeping well at night. When seen in 
August, there was noted a slight tremor of the hands and constant 
clearing of the throat. There were no abnormal movements. He had 
developed the habit of spitting and was disobedient at times. There 
was general spasticity and marked stiffness of the carriage in walking 
The speech was monotonous (Fig. 3). In September he developed 
sieeplessness at night, which, though less marked, was still present 
when seen in December. At this time he seemed fairly well, but 


was disobedient. He was permitted to go to school. 


Sleeplessness at night alternating with deep sleep during the 
daytime was a characteristic symptom in a few cases during 
the acute stage and also during the period of convalescence 
(v. t., under Insomnia). 

[In other instances drowsiness or sleepiness of a few hours’ 
or a few days’ duration often combined with transient 
diplopia were the only symptoms of a very mild form of the 


disease. 


Case 3—M. E., aged 12 years, was admitted to the hospital October 
30, 1919. He complained of dizziness. He had not had influenza. 
On October 22, 1919, he had double vision but went to school. He 
came home and slept all the afternoon. The drowsiness increased 
steadily until admission. On examination the patient was drowsy 
but clear when aroused. The legs and arms were somewhat spastic 
and there was a positive Babinski on the left. The spinal fluid con- 
tained 10 lymphocytes per c.mm. The patient slept constantly for 
four days. Thereafter recovery was rapid and complete. 


Case 4—M. C., a white girl, aged 16 years, was admitted to the 
hospital November 22, 1919. She had not had influenza. From 
November 8 to 17, 1919, she felt abnormally sleepy and slept several 
afternoons. On November 17 she noticed diplopia. This lasted 
several days, then disappeared, to return again November 21, 1919, 
for a few hours. The patient returned to school and has remained 
well (August 30, 1920). 


Lethargy was present in many cases and in the severe 
forms of the disease was usually followed by deep coma. 
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Case 5.—A. V. F., a white girl, aged 64 years, was perfectly well 
until the evening of November 9, 1919, when she complained of 
slight headache and had fever. The following day she had a general- 
ized convulsion and was unconscious for the remainder of the day. 
Following this she became stuporous with periods of consciousness, 
but at all times was difficult to arouse. There were no further con- 
vulsions and no vomiting. The patient was admitted to the Harriet 
Lane Home November 13 on the fifth day of her illness. Examina- 
tion at this time showed a poorly nourished girl lying in a state of 
deep stupor. When stimulated she cried out but immediately 
relapsed into stupor. There were no evidences of paralyses either of 
cranial nerves or of the extremities. The left arm, however, was held 
stiffly and there was a tremor of the left hand. The reflexes were 
active; there was a positive Babinski on both sides and a slight 
inkle clonus on the left. Examination was otherwise negative except 
for otitis media on the left. The leucocyte count was 12,000 and 
the spinal fluid was normal. The Wassermann test was negative with 
blood and spinal fluid. The child then went into a deep lethargy so 
that she would not be aroused. She lay perfectly still, making no 
voluntary movements and was apparently unable to swallow solid 
food. There was a fine tremor of the tongue and of the hands. The 
ankle clonus and positive Babinski persisted. At times there was 
fiexibilitas cerea. By December 9 the patient had become brighter 
and cognizant of her surroundings. The evidences of pyramidal tract 
involvement had disappeared. By the middle of December she had 
recovered and was able to sit up. At this time she developed a mild 
arthritis of the right shoulder and of the right hip. She was discharged 
January 13, apparently well. Since this time reports from her parents 
indicate complete recovery without sequele. 


Case 6—A. R., a white male, aged 65 years, was admitted to the 
hospital October 22, 1919, complaining of dizziness and trouble with 
vision. The present illness began two months before admission with 
sleepiness and drowsiness which had constantly increased. On October 
19, 1919, he felt dizzy and weak and stopped work. On examination 
his temperature was 103.7° F. and he was comatose. He muttered 
incoherently. There was bilateral ptosis. The pupils were active and 
the fundi normal. Coarse muscular jerkings of the arms and legs 
were observed. The extremities were fairly spastic. The tendon 
reflexes were normal. The spinal fluid contained 200 cells per c. mm. 
and a trace of globulin. The temperature remained above 102° F. 
The patient sweated profusely and emaciated rapidly. He died 
November 4, 1919. 

Autopsy (Figs. 4 and 5)—The brain appeared normal in the gross. 
Microscopical sections showed marked perivascular infiltration about 
many of the small vessels in the caudate nucleus, lenticular nucleus, 
substantia nigra and mid-brain. 

Characteristic, then, of the disturbances of general con- 
sciousness which may occur in the course of this disease are: 

1. The variation of the disturbance from sleeplessness to 
coma with the intermediate stages which are called apathy, 
drowsiness, sopor, lethargy, stupor, etc. 

2. The long duration of the lethargic state in many in- 
stances. A patient may lie for weeks or even months in a 
state of deep lethargy varying but slightly from day to day 
or week to week. 

3. The fact that many of the patients, although apparently 
in a state of deep sleep, will respond promptly to a command 
or reply to a question in a perfectly rational manner, relaps- 
ing immediately into the former state of lethargy. 

4. The frequent association of a state of general spasticity. 

Lethargic states resembling, those present in this affection 
may be observed in a number of acute diseases, such as typhoid 
fever, and in chronic affections, such as syphilitic basilar 


got 
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meningitis. However, they usually lack the characteristics 
outlined above, although sometimes the differentiation can- 
not be made until the patient has been observed over a con- 
siderable period of time. 

Disorders of psychical activity, when present, are generally 
combined with some of the disturbances of general conscious- 
ness described above. The psychosis in a few instances was 
the only important symptom and a group of such cases has 
been reported from this hospital by Hohman.* In the ma- 
jority of our patients, however, abnormal mental reactions, 
when present, were incidents in the unfolding of the symptom 
complex of the disease. We shall discuss here only a few of 
the more frequent mental symptoms encountered during the 
early stages of the malady. Delirium was infrequent in the 
adult cases, but was observed often in the early stages of the 
disease in children (see Case 2). 

In the following case there were few symptoms other than 
delirium and excitement to suggest the diagnosis of epidemic 
encephalitis: 

Case 7—W. H. E., a white male, aged 24 years, was admitted to the 
hospital January 27, 1920. The past history was unimportant. The 
present illness began January 25, 1920, with moderate fever and gen- 
eral malaise. A few days later he had aching of the limbs. Moderate 
delirium soon appeared, accompanied by visual and auditory hallu- 
cinations. The patient was restless and very talkative and confabula- 
tion was a striking feature. Transient diplopia, moderate tremor ot 
the hands and slight nystagmus were present. The spinal fluid con- 
tained 30 cells per c.mm. The Wassermann test with the blood and 
spinal fluid was negative. When last seen, January 1, 1921, the 
patient was mentally clear but restless, talkative and rather expan- 
sive. He was also suffering from marked insomnia. 

Other patients had irrational periods of variable duration 
with visual and auditory hallucinations. Occupational de- 
lirium was occasionally observed and in rare instances mental 
reactions not unlike a Korsakoff psychosis were present. One 
patient worked in the wheat field for days at a time. Another 
prayed constantly because voices told him “to get right with 
God.” A young colored girl knew someone was hiding in the 
room waiting to kill her. Spontaneous, unprovoked out- 
bursts of laughing or crying were present in several of our 
patients. These attacks were not provoked by adequate 
emotional stimuli and must be looked upon as abnormal. It 
is of interest that many of these patients had a mask-like 
facies and bilateral rigidity of slight extent (pseudo-bulbar 
syndrome). , 

It is not necessary at this time to detai! all the mental 
symptoms encountered ; a full discussion of this phase will be 


found in the papers by Abrahamson,” Hohman * and others." 


OcuLaR DisTURBANCES 

Disturbances of innervation of the extra-ocular muscles 
were often present during the active stage of the disease. 
Diplopia was frequently the first symptom referable to in- 
volvement of the nervous system noticed by the patient and 
in some instances preceded the appearance of any other 
symptoms by many days. The characteristic feature of these 
palsies was their transjent and variable character. Thus, in 
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some Cases diplopia 


was present on one examination and 


ibsent the next, or an internal strabismus, present for a short 


me. was followed by an external strabismus of variable dura- 


Furthermore, although most of the muscles innervated 


ly, it Was Trar 


the third nerve might be palsied successive 





ndeed to observe involvement of all of them at the same time. 
Pl was frequent, usually bilateral, although often more 
! ! ne site It was seldom complete It frequently 
ute =1¢ i ly nt re etion ¢ the expresslo 
facies of t vatients In some stances 1t Was 1m 
( (té lé VW t I f s| a late | OsS1S Was 
( iult ‘ ‘ ) thare ! rooping 
, ; 
f occurs In the son state 
isturbance if associated eve movements were Compara 
ly rare () itient coul rotate globes ab 
) ol | \ w had wea ss Ol ! L ¢ l- 
| , ere Vis l l vy sual] 
\ ; 
\\ ! ! ] eV" lista ~ l <1 } mom 
ri ! 
" ! ( ithe “ ! iF ed ¢ oil oO se 
: ‘ o rea In s ses W 
: rhe lat tru aralysis l mimoda Vas present 
CSS ere Vel opt ner inves oO ns 1 s «dis 
<1 ithe the extra-ocular muscles 
\ tgu Was present in a larg mbei cases an 
was of two tvpes ly rs t Was similar to werved 
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! 
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Quen alt slow Mliises Were sent I <i Cases Rarely 
ittacks of coarse Jerking of the globes occurred without 
( ( S ovocatlon So far is We I \ this nhe omenon 
has not een cdeser 1) inv other lic ? Sieare ind 
K 
Kudelsk gave the name ocular mvoclonia ti s tvpe ¢ 
nystagmus. 
Ophthalmoscopic examinations were made repeatedly 


HMOst Cases, Ilvperemia oft the Lise S Wis occasionally present. 

Optic neuritis with swelling of the discs was observed in the 
] , } 

ie llowit ¢ case and also in Case 23 below 


CASE S | IF... male, wed 37 vears, was 


headache The 


dizziness and 


white, idmitted to the 


hospital July 29, 


1920, complaining of present illness 


About March l 


For several 


began Februarv 1 with wenkness 


walking became difficult back 


ind he had pain in the 


days there was incontinence of 


urine. Frontal and temporal headache 
I é 


was constant; the left arm became weak and there was some dimness 


of vision. He noticed a few muscular jerkings. Examination showed 


a mask-like face with slight bilateral ptosis. The left optic dise was 

The right dise 
The spinal fluid 
There 


The patient was often irrational at night 


raised and hyperemic; the edges were indistinct 


was normal. There were no muscular jerkings 


contained 70 lymphocytes per ¢. mm. and a trace of globulin 
was no fever at any time. 
He improved slightly and left the hospital against advice August 16, 


1920 
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DisorpeRrs OF MOTILITY 


present in the majority of our 


Disorders of motility were 


They were so diverse character that it is impossi 
them in well-defined groups. For descriptive pur 
poses. however, we shall group all the motor phenomena under 


three heads as follows: 


1. Disorders of tonicity. 








) al spastic associated WwW el 
veal tat e so-calles vismus, may be pres 
: the following cast 
Case 9—KkKk. R i white g ved 6 irs, Was admitted 
Harriet Lane Home 3S by 19, 1920 Ne) had been well 
Sept er 16 hree d ‘ ‘ sion) when she complained 
of headache and vomiting | who he dav she was nauseated, 
drows d | 1 me t | \ ct ¢ ning her neck became sti 
a VSICI < garded the condition as due to 
ening s I OOT ( ( nconscLlous but there were 
riods when she ould be sed Examination on admission 
showed Of nourished white gu Ving in a stuporous state w 
{ retracted and back somewhat sti When spoken to she opened 
! s, relapsing immediately os or. There was retraction of 
ek and apparently pain on flexior There was no evidences 
sis, the reflexes were act ind there was a suggestive Kernig 
vr | leueoeyte count was 12,000; the spinal fluid showed 14 ce! 
er comm. and a faintly positi globulin reaction. The temperature 
s pormal. The Wassermann test was negative with the blood and 
spinal fluid. The evidences « eningeal irritation quickly passed 
Wil ind D\ September 21 itient had come out ol her 
stuporous state ind ippeul d brig \ second lumbar puncture don 
nn September 23 showed 26 cells and a positive globulin reaction. Th 
tient was discharged September 30 and has remained well sine 
hat 
Later, however, evidences « sturbance of the pyramidal 
r extra-pyramidal motor tracts may appear. The former 
will be discussed with the paralytic phenomena and we shall 
herefore confine our attention here to those disorders o! 
tonicl \ h ma ( e associated with evidences of pyra- 


involvement. 


(a) Hypotonicity, associated with ataxia or weakness of 
the extremities, was present in the following instance: 
Case 10—R. W.. a white woman, aged 24 years, entered the hos- 


pital in March, 1919, complaining of jerking of the eyes and inability 

to stand In 1918, she had had a 
which had kept her in bed a wee k Fr bruary 23, 1919, she 

had severe headache ind dimness of vision. Her ey 

poorly ae 


she remained until admission to the hospital 


October febrile disease, called 


influenza, 
lls and evelids 






were in constant motion. She felt to bed, where 
About two weeks after 
walk. Her jaws 
Since March 24, 
Examination 
There 
were frequent spasmodic contractions of the jaw and eyelids. The 
eyeballs jerked violently in all directions, both spontaneously and 
There was 
The 
The muscles were markedly 
The spinal fluid 


contained 17 cells per ¢.mm. and a considerable amount of globulin 


the onset her legs seemed stiff and she could not 


jerked violently so that speaking was difficult. 


1919, she had been unable 
showed a well-nourished woman, mentally clear, not drowsy. 


to stand alone or to walk. 


on attempts at fixation. Upward deviation was limited. 
slight bilateral 


right abdominal reflex was not obtained. 


ptosis. The speech was thick and scanning. 


hypotonic and the movements were inco-ordinate. 











May, 1921] 


ll Wassermann test with the blood and spinal fluid was nega- 
There was a slight elevation of temperature during the first 
two weeks. At intervals the patient was drowsy ; at other times there 
By July 5, 1919 


rking of the }aws had ceased and the jerking of the eyeballs was 


were attacks of unprovoked laughing and crying. 


ess irked The ineodrdination had improved considerably and 
T ient could walk a few steps alone. It is possible that the 

Wit incoordimation, scanning speech, nystagmus and motor 
WW kness were dependent on a cerebellar localization of the process, 


we have no definite proof. However, the resemblance to 


ertain cerebellar syndromes is striking. 
[lypertonicity, often widespread, was a more frequent 
m. It was present in all the severe or fatal cases and 


issoclated with waxy flexibility, as in the following 


B., a white man, aged 36 years, was admitted to the 
I ospital in March, 1920. The past history was unimportant. The 
nt illness began March 12, 1920, with fever and dizziness. The 
uml noticed that the patient was restless, euphoric and talkativ 
He complained of pain in the elbows and general tremor. On 


March 29 his speech was thick and there was inability to swallow 


[There was double vision. When first examined March 30, 1920, the 





patient was well oriented but depressed. There was marked tachy- 
na ind attacks of “ smothering.” The pupils wert unequal. The re 
was slight nystagmus. Dysarthria was present and the patient was 
nable to swallow The face was mask-like. There was slight 
strabismus The tendon reflexes were normal. There was very 
rked general rigidity with waxy flexibility. The patient remained 
the same condition for nine months. Incontinence of urink 

es Was present at all times The rigidity persisted and was 

so high degree that he was practically incapable of volunt iry 
otion. He was fed by gavage. The face was expressionless and 
peech was absent or markedly dysarthric (At times there were 


ittacks of fever, often associated with tachycardia and marked 
naa and hyperpnoea of several days’ duration. The respiratory 
was 50 per minute for several days. The patient at present (after 


i rigid vegetating organism incapable of voluntary motion 


ontinuous thought 
Case 1z2—C. D., a colored man, aged 35 years, complained of diffi- 
ulty of vision of four weeks’ duration. The present illness began 
March 27, 1920, with pain over the heart which lasted a day. The 
next dav he felt giddy and sleepy but continued to work. That 
ning he had diplopia and was told his eves were crossed. On 
tion the face was expressionless and mask-like. There was 
bilateral ptosis with weakness of both external recti. There was 


ralvsis of accommodation. There was a coarse, irregular nystagmus 
ind tremor of the lips and tongue. Coarse tremor of the arms was 
ilso present. The tendon reflexes were active There was slight 
catatonia Che blood and urine were normal The ce rebrospinal fluid 


mtained six cells per c.mm., and a trace of globulin. The Wasser- 





inn test was negative with the blood and spinal fiuid. The 
lethargy increased and generalized spasticity appeared. The facial 
muscles became weak and transient dysphagia appeared. The patient 
was clear mentally until a few days before death. Rhythmical to and 
iro movement of a hand, arm or leg, and myoclonic movements of 
muscle groups were frequently observed. There was no fever 
Lethargy increased to coma and the patient died two months after 


the onset of symptoms. 

In other instances hypertonicity occurred in association 
with a coarse Parkinsonian tremor and a mask-like facies— 
the so-called Parkinsonian type of the disease. This syn- 
drome occurred both in adults and children * and was often 


* See Case 2 above 
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present lor a considerable period of time. Indeed, Souques, 
Moreau and Pichon * state that they have observed in 
stances of epidemic encephalitis followed by true paralysis 
agitans. However, this observation needs confirmation, for 
these are the only eases that we could find in which the syn 
drome persisted. Even in these a sufficient period of tim 


o form a definite conclusion. 


has not elapsed 
2. Paralyses and Pareses. Paralyses of upper or low 

motor neuron type may ve present during the active stave 

of the disease. 

paraplegias Or daiplegia 


(a) Monoplegias, hemipiegias, 


issociated with exaggerated tendon reflexes and othe: 


pyramidal tract involvement may occur. In most 


dences oO 


nstances they were of short duration, followed by complet 
recovery. The following cases illustrate this type of moti 
disturbance: 


Case 13.—C. B., a white boy, aged 54 vears, had been well unt 
Februarv 6, 1920, when he complained of headache and had fever 
The following day he seemed better but that afternoon he vomited 
ind had a general convulsion. Following this he became drowsy and 
the convulsions became mort numerous, occurring every tew minute 
He was admitted to the Harriet Lane Home February 9. Examin 
tion at this time showed a fairly well-nourished boy lying in a stat 
of coma. Convulsions similar to the type described occurred at fi 
to ten minute intervals. Examination was otherwise negative. These 


convulsive attacks became less trequent ind ceased February 11 I 


following dav he regained consciousness and performed voluntary 
movements There seemed to be weakness in the left hand, but 
otherwise no paralysis was noted The spinal fluid on admission 
showed 55 cells per ¢.mm. and a positive globulin reaction Phe 


for the first three days after admission 


temperature was about 101° F 
ind gradually fell to normal. The patient improved, became bright 
ind co-operative The weakness of the left arm, however persisted 
He was discharged March 14. When seen in September, the patient 
was quite well and the weakness in the left arm had entirel 
disappeared. 


Case 14.—M. J., a white boy, aged 8} vears, had been well until 
May 1, 1920, when he complained of slight headache and of burn 
ing of his eves. The evening of May 18 he behaved queerh Hy 
seemed dazed and would not respond to questions and the mother 
noted twitching of the right side of the mouth; he rapidly became 


unconscious and was brought to the Harriet Lane Home Examina 
tion if that time showed 1 Wwe ll-nourished bov lying In a stuporous 
state, from which he could be aroused at times in response to stimu- 
lation. Involuntary movements were noted which were almost 
entirely of the left side The temperature was 100° F. but. rose 
rapidly to 105° F.. 
sixth day after admission. The leucocyte count was 19,000. The 


ind then gradually fell, becoming normal on the 


spinal fluid showed 50 cells per ¢. mm. and a positive globulin reaction 
The Wassermann test was negative with the blood and spinal fluid 
There were no further convulsions but shortly after admission a right 
hemiplegia was noted. This, however, was transient and on tne 
following dav there were no evidences of weakness. On this day 
the child roused from his stupor, seemed bright and mentally clear 
He was discharged perfectly well June 2. When seen three months 
later he showed no evidence of his former illness. 

Case 15—R. A. G., a white girl, aged 14 years, had developed 
normally and was perfectly well until September 17, 1920. At 
that time she became irritable and a few days later the mother 
noticed that the child was feverish. On September 24 she vomited 
On September 26 the 


child could not walk because of stiffness of the right leg. The left 


ind the fever continued, reaching 103° F 


leg became involved the following day rhis spasticity relaxed during 
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sleep, but even then spasmodic contractions were noted which were 
severe enough to awaken the child. Examination on admission showed 
a well-nourished female infant, conscious and very irritable. The 
legs were extended and markedly spastic, and passive motion of the 
limbs evidently caused pain. There was a peculiar brawny condition 
of the skin and subcutaneous tissue. The deep reflexes were hyper- 
active, the Babinski and Kernig signs were negative. The upper ex- 
tremities were unaffected and there was no evidence of cranial nerve 
involvement. The temperature was 101° F., the leucocyte count was 
8500 and the spinal fluid showed 33 cells per c.mm. and a negative 
globulin reaction. There was no incontinence. This spasticity and 
general irritability became less marked by October 2 and the 
patient was able to walk with assistance. She was discharged 
and in two weeks was walking in a normal manner. At this time 
restlessness and wakefulness at night were noted. The child would 
sleep well until midnight but during the remainder of the night was 
wakeful. This wakefulness was not relieved by the administration of 
chloral hydrate. Gradually, however, this condition subsided and at 
the present time the child sleeps well and there are no evidences of 
residual paralysis. 

(b) Cranial nerve palsies were present at some time in the 
majority of cases during the active stage of the disease. As a 
rule they were transient or recurrent and referable to involve- 
ment chiefly of the third, fourth, sixth and seventh cranial 
nerves or their tracts. Since these have been described above, 
we shall group together here the disorders of motility de- 
pendent on faulty innervation of the facial, masticatory and 
bulbar muscles. 

The mask-like facies was so frequent that the diagnosis 
without that symptom was hazardous. The photographs 
(Figs. 1, 2, 3, 6, 7, 8, 10) show clearly this striking feature. 
The cause of the phenomenon is not clear. It was associated 
constantly with defective mimicry. 

Dysarthria was present in a number of cases. As a rule, the 
patients complained that the tongue felt thick and the face 
stiff. In a few instances it was dependent on twitching of the 
muscles of the tongue. Dysphagia was often combined with 
the dysarthria as in Cases 11 and 26 and the following case, 
No. 16: 

Case 16.—W. D., a white male, aged 24 years, was admitted to the 
hospital December 31, 1920, complaining of giddiness. In October, 
1920, he had an acute febrile illness for three days. The present 
illness began rather suddenly December 17 with roaring in the left 
ear. On the following day he had intermittent attacks of pain down 
the left arm and behind the left ear. December 21 he had diplopia 
and “thickness of the tongue.” He also noticed that he could not 
hear well. Drowsiness became marked and there were frequent 
painful jerkings of the left arm. He also developed difficulty in 
swallowing and.a nasal voice. Difficulty in starting urination soon 
appeared. Examination showed a drowsy and dull patient with a 
mask-like face. He was clear when aroused but was partially deat. 
The left pupil was larger than the right and there was slight nystag- 
mus. Both optic discs were slightly hyperemic. There were a few 
coarse non-rhythmical fascicular twitchings of the muscles of the 
face and limbs. The reflexes were normal except for a positive 
Babinski on the left. Mastication and swallowing were possible but 
were performed slowly and carefully. There was marked disturbance 
of pronunciation of the labials and linguals. He complained of 
numbness of the face and tongue. His temperature was 102° F., 
but in four days reached normal. The spinal fluid contained 26 
lymphocytes per c.mm., and a slight increase of globulin; the gold 
chloride curve was normal. The Wassermann test was negative with 
the blood and spinal fluid. 


| No. 363 


Unilateral and bilateral facial weakness was frequent and 
often transient. The following case is a good example: 


Case 17.—M. H., a white infant, aged 7 weeks, was admitted to the 
Harriet Lane Home April 4, 1919. She was born at term and had 
been considered normal until the first of April when she became dull 
and drowsy. Following this she could not be roused; there was slight 
fever. Examination on admission showed a well-nourished infant in 
coma. When stimulated she became spastic, but when relaxed had 
the appearance of a sleeping infant. Examination showed right facial 
weakness, bilateral ptosis, and slight general spasticity (Fig. 6). 
The temperature was 101° F. on admission but fell within 24 hours to 
normal. The leucocyte count was 8500 and the spinal fluid showed 
28 cells per c. mm. and a faintly positive globulin reaction. The 
child improved and became less drowsy and the facial weakness and 
spasticity disappeared. She was discharged May 3, 1919, and did 
well at home. She died in June following an acute illness, the details 
of which were not obtainable. 


Trismus, associated with tender masseters, was present in 
the following instance: 


Case 18—M. W., a colored woman, aged 28 years, was admitted to 
the hospital May 14, 1920. Four days previously her mouth and 
tongue had become very sore on attemps to move them and sh 
was unable to open her mouth on account of pain. On examination 
the temperature was 99° F. but soon reached 102.5° F. The masseters 
were very tender on pressure and the patient could not open her 
mouth. She was drowsy and there was dysarthria. There was a 
double external strabismus which developed under observation. There 
was incontinence. The cerebrospinal fluid contained 5 cells per c. mm. 
and a trace of globulin. The reflexes were slightly hyperactive. The 
Wassermann test was negative. May 15, 1920, the fever reached 
103.5° F. and the patient died suddenly. 

Tachycardia was occasionally observed and in some in- 
stances was possibly referable to involvement of the vagus. 

Hyperpnewa was present in six of our cases and deserves 
special mention. In each of these this symptom occurred dur- 
ing the early stages of the disease and was associated with a 
diminished bicarbonate content of the blood plasma. How- 
ever, in several instances it was not relieved by the adminis- 
tration of sodium bicarbonate. The hyperpncea was therefore 
not the result of acidosis but dependent on disturbance of the 
central respiratory regulatory mechanism. Brief records of 
patients manifesting this symptom may be of interest. 

Case 19.—J. C., a colored man, aged 19 years, was admitted to th« 
hospital March 4, 1920. The patient’s mother stated that “he sees 
double and talks out of his head.” The present illness began March 1, 
1920, with staggering following a slight injury to the head. The next 
day the patient was irrational, weak and drowsy, and complained of 
double vision. On examination he was very lethargic and talked 
irrationally. When aroused he was rational and talked in a low 
monotonous tone. The face was mask-like (Fig. 7). There was 
bilateral ptosis with slight internal strabismus. There were many 
coarse jerkings of the muscles of arms, legs and abdominal wall. The 





reflexes were normal. The leucocyte count was 11,400. The cerebro- 
spinal fluid contained 368 cells per c.mm. The globulin test was 
negative. The Wassermann test was negative with the blood and 
spinal fluid. The incodrdination of the eye movements, slight 
nystagmus and fascicular twitchings persisted for many days. The 
temperature, which was 104° F. on admission, gradually returned to 
normal. The tachycardia and tachypneea persisted; the respirations 
were usually about 36 to the minute. Lethargy diminished gradually. 
April 4, 1920, the patient was found in collapse. The respirations 
were very deep and more than 60 per minute. The pulse was rapid. 




















May, 1921] 
The CO, tension of alveolar air was 15 mm. Hg.; the bicarbonate 
content of the plasma was 40 volumes per cent (Van Slyke). Morphine 
gr. £ was given and this was repeated in one hour. The respirations 
fell to about the normal rate and the tachypnoea did not return. The 
patient gradually recovered and when last seen nine months after the 
onset of the disease was well except for a peculiar stiffness of carriage, 
un expressionless facies, and a few tic-like movements of the face 


Case 20—A. W., a white boy, aged 8 weeks, was admitted to the 
Harriet Lane Home April 16, 1920. He had been born at term and 
breast fed up to the onset of the present illness which had begun 
eight days before admission when it was noted he did not nurse well 
und had fever. Four days before admission he had a convulsion, 
which was followed during the next few days by a series of similar 
ittacks, generalized in character. He refused to nurse. On admis- 
sion to the hospital, examination showed a poorly nourished infant 
lving quietly in bed; there was marked hyperpnoea and general 
muscular rigidity. There was a transient ptosis of the right eyelid 
ind hyperactive reflexes. Otherwise examination was negative. The 
temperature was normal. The leucocyte count was 22,000 and the 
spinal fluid showed 56 cells per c.mm. and a positive globulin 
reaction. The bicarbonate content of the blood was 28 volumes 
per cent (Van Slyke). There were no evidences of tetany. It was 
necessary to feed the child by gavage for the first 24 hours. In 
spite of the administration of sodium bicarbonate to the point of 
rendering the urine alkaline, the hyperpnoea continued. By April 20 
this symptom had disappeared and the child was discharged in good 
condition except for slight spasticity. When seen November 30 he 
had completely recovered. (See also Cases 2 and 11.) 


Case 21—A. Y., a white infant, aged 4 months, had been well until 
March 17 when following her bath she vomited and had a generalized 
convulsion. Following this she became unconscious and an internal 
strabismus was noted. She was admitted to the Harriet Lane Home 
the same day. Examination on admission showed a well-nourished 
female infant lying in an apathetic state; she could be aroused, how- 
ever, and was rather fretful. There was definite hyperpnea. A slight 
internal strabismus and ptosis of the left eyelid were noted; otherwise 
the examination was negative. The spinal fluid was normal. The 
bicarbonate content of the blood serum was 19 volumes per cent 
(Van Slyke). There was no acetone in the breath (Higgins). The 
urine was normal save for a few white cells and the phenolsul- 
phonephthalein excretion was 65 per cent in two and a half hours. 
There were no evidences of tetany. On account of the hyperpnaa 
and the diminished bicarbonate content, sodium bicarbonate was 
administered by mouth to the point of rendering the urine alkaline, 
without effect on the hyperpncea which continued when the bicar- 
bonate content reached 48 volumes per cent (Van Slyke). Evidently 
then the acidosis was secondary to the hyperpneea which was probably 
due to stimulation of the medullary center. The patient became less 
drowsy but the internal strabismus and ptosis persisted, and a slight 
facial weakness appeared. The hyperpnoea varied during the follow- 
ing three weeks; sometimes it was well marked, at other times slight. 
Severa! courses of sodium bicarbonate were given without effect. 
The spinal fluid on March 26 showed 20 mononuclear cells per c. mm.., 
and a positive globulin reaction. On April 14 the child seemed 
brighter; the hyperpnoea, the ptosis and facial weakness had dis- 
uppeared. The spinal fluid returned to normal and she was discharged 
with slight internal strabismus on April 28. She has since been 
entirely well. 


(c) Symmetrical paralysis of peripheral nerve type was 
observed in six cases. These were characterized by a gradual 
onset, extensive flaccid paralysis of upper and lower extremi- 
ties, more marked in the distal portions, slight sensory dis- 
turbances, muscular atrophy, and usually slow but eventual 
recovery. 
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Case 22.—C. J., a white girl, aged 5 years, had been perfectly well 
until the onset of her present illness February 1, 1920, when she 
awakened complaining of aching in her knees. The following day the 
child appeared perfectly well but that night again complained of 
aching in her knees. On the third day her parents noted that the 
child walked stiffly. This stiffness increased and weakness of the 
legs developed to such a degree that three weeks after the onset the 
patient was unable to walk. No swelling or tenderness of the knees 
developed. The patient then complained of headache and about 
one week before admission weakness in the hands was noted. Beyond 
slight irritability, there was no change in the patient’s mental condi- 
tion. She was admitted to the hospital on March 25, seven weeks 
after the onset of her illness. Examination at that time showed a 
well-nourished white girl who was unable to stand, was quite irritable, 
but well oriented and apparently normal mentally. There was neith-i 
facial nor ocular paralysis but a general muscular weakness of upper 
and lower extremities. The legs were moved but little even on stimu- 
lation. There was some atrophy but this was not marked. The 
grasp of both hands was weak. There was ataxia. No disturbance 
of sensation could be demonstrated. The deep reflexes were absent 
at elbows, knees and ankles. The spinal fluid was under normal 
pressure with 6 cells per c.mm. and gave a strongly positive globulin 
reaction. The Wassermann test was negative with the blood and 
spinal fiuid. The patient remained in the hospital one month. 
During that time the muscular weakness became noticeably less 
marked. This muscular weakness was symmetrical and more marked 
distally than proximally. The deep reflexes remained absent and there 
was never any sensory change. At the time of discharge, April 24, 
the patient could move her arms and legs well and could stand with 
assistance. By the middle of July she had recovered strength in her 
limbs and was able to walk with support. By September she was 
able to run and play with apparent control of her extremities, and by 
the last of November seemed completely recovered. 

The other causes of symmetrical paralysis of lower motor 
neuron type were excluded in this case and there remained a 
widespread paralysis of upper and lower extremities develop- 
ing rather suddenly with complete recovery. 


Case 23—F. S., a white girl, aged 10 vears, was brought to the 
Harriet Lane Home July 30, 1920, because of weakness. She had been 
well up to May 1, 1920. At that time she fell. A week after this she 
complained of headache and vomited. This was repeated several 
times. There was no fever. Her appetite became poor and on June 1 
weakness in her legs was noted, at first only after walking. Subse- 
quently this increased until she was unable to walk, and about the 
middle of July weakness was noted in the arms as wel!. There was 
no visual disturbance. Examination on admission showed a poorly 
nourished child with general muscular weakness. She was unable to 
walk without assistance and after making a few steps complained of 
feeling very tired. There were no cranial nerve palsies. The eyes 
reacted to light and on accommodation. There was a definite optic 
neuritis more marked on the right. The legs showed generalized 
muscular weakness with some muscular atrophy. The arms showed 
muscular weakness to a less extent with a very weak grip. The deep 
reflexes were all absent. The superficial reflexes were present. The 
spinal fluid was under slightly increased pressure with 28 mononuclear 
cells per c. mm. and a strongly positive globulin reaction. The Wasser- 
mann test was negative with the blood and spinal fluid. There was 
no disturbance of sensation, nor had the patient complained of any 
sensory disturbance. The child remained in the hospital until 
August 19. During this time her condition improved. The appetite 
became better. The optic neuritis became slightly less marked and 
the spinal fluid returned gradually to normal (see ce. s. f. chart). The 
weakness of the arms and legs became definitely less, so that the 
patient was able to sit up without assistance and to walk a few steps. 
The knee kicks were still absent but the arm reflexes returned. There 
was a slight foot drop and some muscular atrophy particularly in the 
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muscles of the legs gave the 


hand The 


reaction of degeneration 


galvanic stimulation of 


This was not present in the muscles of 


the forearm. The patient was seen again September 22 and had 


improved during her month at home. She had been sitting up in 


bed but had not been allowed to walk. There was definite improve- 
was able to sew 


Ther 


was an ataxic tremor of the hands with atrophy but no wrist drop; 


ment in muscular strength and control, and she 


Ophthalmological examination showed a mild optic neuritis 
definite improvement in muscular 
still absent A 
stated that the 


itaxia of the legs with power 


The deep reflexes were letter from the mother on 
Decembe r 22, 1920, 


walking around the house without tiring and sleeping well at night 


child was steadily improving, 


In summary, an acute polyneuritis in a previously well girl 
with evidences of increased intracranial pressure, inflamma- 
tory reaction in the spinal fluid, optic neuritis, generalized 


muscular weakness of lower motor neuron type, more marked 


in the legs; absence of disturbance, with recovery 


sensory 


within seven months. 


Case 75—A white boy, aged 13 vears, was admitted to The Johns 


Hopkins Hospital February 15, 1921, complaining of soreness in his 
back and legs. 


began January 1, 1921, with pain while chewing. 


His past history was negative rhe present illness 
The next day he had 
tingling of his fingers, and a few days later numbness, pain and weak- 


he ad- 


a well-developed 


ness of the legs developed. About that time he also had severe 


che and pain in his back. Examination showed 


boy The fundi and ocular movements were normal. There was 


slight general atrophy of the muscles of the hands, feet, arms and 
tender on pressure. There 
ind back and slight 
Sensation was intact testing 
The re The 
Wassermann test with the blood was 
llth dav of the 


reaction for globulin. The 


legs. The muscles wer was weakness of 


the muscles of the extremities wenkness of th 


muscles of mastication on objective 


rhere 


blood counts were normal. The 


was hyperewsthesia over the feet was no fever. 


negative. The spinal fluid on the disease contained 


286 cells per ¢.mm. and gave a positive 


muscles of the legs and arms gave either complete or partial reaction 


of degeneration. .The urine contained a few leukoeytes. The boy 


1921 much improved. The tenderness 


left the hospital February 23, 
could rise to a sitting posture 


middle of March the 


that he could walk 


had disappeared ind he 


on pressurt 
which was impossible on admission. By the 
muscle strength had returned to such a degre: 


ilone 


i white ied 37 vears. was admitted to the 
1920. He 


illness began the middle of 


Case 25.—D. F 
April 2, 


ol the feet The 


man, 
hospital complained of vomiting and numbness 
March, 1920, 
legs and head He felt 


symptoms lasted about a 


present 
with especially of the 


These 


week, when repeated nausea and vomiting appeared. Ht: 


iching all over = 
feverish and had a chilly sensation 
became 80 
weak that walking was impossible. On examination the patient was 
The face 


nystagmus on upward deviation. The 


drowsy and answered slowly but accurately. 
There 


pupils were active and the fundi were normal 


Was expres- 
sionless was slight 
There were weakness 
ind atrophy of the muscles of the feet, legs, hands and arms. Sensa- 
tion for touch, pain and temperature and recognition of position was 
diminished below the knees and elbows. The knee jerks were sluggish : 
the ankle jerks were not obtained. The tendon reflexes of the elbows 
The cerebrospinal fluid 
The Wasser- 
While 


The calf and arm 


were present. The leucocyte count was 2840. 
contained 70 cells per ¢.mm., with a trace of globulin. 
mann test was negative with the blood and cerebrospinal fluid. 
the patient was in the hospital there was no fever. 
muscles wasted rapidly and the reaction of degeneration was present 
The patient left the hospital against advice and died six days later. 
Case 26.--A white man, aged 25 years, was admitted to The Johns 
Hopkins Hospital August 20, 1920, complaining of inability to walk. 
His present illness began in March, 1920, when he noticed that his 
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hands were numb. He began to have pains in his arms, legs and eyes 


Seven weeks before admission he had fever and chilly sensations. 
Three weeks later he had difficulty in speaking and trembling of the 
limbs and face He 


swallowing. He 


soon «ce veloped hiccup, great weakness ind 
vomited frequently. On examination 
The facial] 
muscles were weak and deglutition and articulation were very difficult. 


difficulty in 
he showed poor memory and disorientation for time. 
The eyes were normal. The tendon reflexes were exaggerated and thers 
Was an equivocal Babinski sign. The muscles of the extremities wer 


weak and there were numerous and widespread fibrillary twitchings 
Reaction of degeneration was present in some muscles of the calves 
6200. The 


gave a negative globulin 


ind arms. The leucocyte count was cerebrospinal 


fluid 
reaction. 


contained 3 cells per ec.mm. and 


Except for the rather abrupt onset the resemblance to 


progressive muscular atrophy was striking. However, when the 


patient was last seen, the fibrillary twitchings and bulbar palsy had 
disappeared and the muscles had attained nearly normal size and 


strength. 
this heading we 


referable to 


>. ¥ HTuperkinetic Phenomena. Under 


shall deseribe a group of symptoms neuro- 


muscular hyperactivity which we have observed in patients 


with epidemic encephalitis. Recent medical literature con- 


tains many reports of cases presenting various types of hyper- 


kinesias.” In some of these such names as “ encephalitis 


myoclonica ” and “* encephalitis choreiformis ” were employed 


to designate the disease type. In others the close resemblance 
of the involuntary movements to those observed in Syden- 
Fried- 


° ix] 41 e 
disease,” in 


ham’s chorea,” “ in Parkinson’s 


reich’s mvoclonia ™ and in other less well-known maladies,* 


has been pointed out. However, until the pathology oi these 


phenomena is better known, it Is not desirable to attempt to 
divide encephalitis into types depending on the character oi 


the hyperkinesias. Furthermore, our knowledge of the patho- 


croup of affections character 


logical alterations in the large 


ized by the presence of hyperkinetic phenomena is still toc 


meager to allow completely satisfactory correlation of the 


clinical symptoms and structural alterations. 


The 


phenomena encountered during the activ: 


I 


hyperkinetic 
stages of encephalitis consist of non-rhythmical muscular 


twitchings, tremors, choreiform and 


twitchings, fibrillary 


athetotic movements, myoclonias and certain rhythmical 


spasmodic movements. In some instances, furthermore, con- 
vulsions may occur. 

(a) Muscular twitchings were present in the majority of 
the adult cases, rarely in children. They may be fibrillary. 
fascicular or involve a whole muscle or group of muscles. In 
many instances only the muscles about the mouth or in the 
eyelids were affected, but in other cases the twitchings were 
The 
rhythmical and often violent. 
They differed from the more rhythmical! 


widespread. movements were quick, usually non- 


\t times they were accom- 
panied by pain. 
myoclonias and also from the usual fine fibrillary tremors. 

(b) In one case observed by us (Case 26) true fibrillary 


tremors of the muscles of the limbs and of the intrinsi 
muscles of the hands with widespread muscular atrophy wer 
present. This patient also presented many other symptoms 
commonly observed in progressive muscular atrophy such as 
dysphagia, dysphonia and signs referable to pyramidal tract 


involvement, but it is fairly certain that the picture was pro- 
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luced by the virus of epidemic encephalitis. In the following 
ase, also, fibrillary twitchings were observed : 

Case 27—W. B., 


hospital complaining of 


a white man, aged 26 years, was admitted to the 
The illness 


aching all over,” shooting 


burning of the eyes. present 
began three months before admission with “ 
pains in the joints, burning of the eyes, and painful micturition 
On examina- 
There 


An occasional quick jerk of the right arm 


There were also photophobia and difficulty of vision. 
tion the patient was drowsy and the face was expressionless. 
was slight 
was observed. The legs were stiff and painful on passive motion. The 
iwms The There 
numerous fibrillary twitchings of all the muscles of the extremities, 
The tempera- 


nystagmus. 


were ataxic. tendon reflexes were normal. was 


especially of the interossei. The face was paresthetiec. 
The spinal fluid contained 15 cells 


The 


ture occasionally reached 99.5° F. 


per c. mm. and a trace of globulin. Wassermann tests were 


negative. 


(c) Tremor was frequent, especially in patients with slight 
general spasticity. As a rule, it was rather coarse and fairly 
regular, but unlike that observed in paralysis agitans. In 
other instances fine tremor of the fingers was present. Types 
of tremor accentuated by voluntary movement (intention tre- 
mor). however, were not observed by us. 

(d) \Myoclonia, viz., rapid, rhythmical contractions of a 
muscle or group of muscles, with or without movement at the 
joints, was observed in a large number of cases. In some 
instances a rapid to and fro movement of a whole segment 
was produced by the involvement of synergistic groups of 
muscles. As a rule, the attacks of myoclonia were spon- 
taneous, but in some instances they were precipitated by 
Case 11, 


example of this type of motor disorder, as does the following: 


oluntary motion, recorded above, affords a good 


28—E. T., a white girl, aged 3 vears, was admitted to th: 


Harriet Lane Home September 9, 1920. 


CASE 
Previously the child had been 
well except for tantrums of erving and wanting her own way, which 


she had had for about a year. One month before admission she 


omited and during the month this was repeated several times. On 


September 6 the child seemed sleepy and on the following day had 


fever and was unable to sit up. She remained drowsy but could be 


On September 8 twitchings about the mouth and slight 


iroused. 
tremor of the left hand were observed, which became more marked 
Speech had become less distinct. 


the 


up to the time of her admission. 
There had been none of the temper tantrums since the onset of 
present illness. Examination on admission showed a well-nourished 
girl lying in a state of semi-stupor, occasionally rising to a sitting 
position. There was constant twitching of the left side of the fae 
ind occasionally the muscles of the left side of the neck and deltoid 
irm would twitch also. When offered an object, the child 
would with the right hand. 


more marked on the left. The deep reflexes were present, there was no 


ind upper 
grasp it There was general spasticity, 
The leucocyte count was 7000 per c. mm. and the tempera- 
ture never went above 100 
child remained in the hospital until September 30. 
first part of her stay the twitchings of the left face, arm and to a 


clonus. 
F. The spinal fluid was normal. Th 
During the 


few days later, however, it 
There 


These muscular twitchings never 


less extent of the leg were marked. A 
was noted that the twitching was present also on the right side. 
Was no actual paralysis of any part. 
involved all the muscles of an extremity at one time, but there would 
be twitchings of parts of one muscle group now here, now there. 
The se 
by a weak 
stopped and the patient was discharged apparently recovered except 
This condition 


resembled the muscular twitchings produced 


By September 30 they had entirely 


movements 
galvanic current. 


that she refused to grasp objects with her left hand. 
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was still present when she was last seen (January 6, 1921). Ther 
were no other sequele. 
(e) Choreiform movements indistinguishable from thos 


of acute chorea were present in a few The following 


cases, 
record demonstrates clearly the difficulties of diagnosis in 


such instances: 


Case 29.—K. B., was admitted to 
the hospital March 23, 1920, complaining of jerky movements and 
pain in the neck. The 
February 14, 1920. Nine days later she had sharp shooting pains in 


the limbs and neck. 


i colored woman, aged 17 years, 


patient was delivered by normal labo: 
Che pains recurred about every ten minut 
On March 18, 1920, the 
Marked 


There was diplopia 


and were very severe. She felt very weak, 


patient was delirious and her temperature had reached 105° F 


jerking of the arms, legs and body appeared. 


Examination revealed violent, generalized, purposeless movements, 
vwcute chorea. There was delirium 


indistinguishable from those in 


with visual and auditory hallucinations. The patient was sure some- 
one was in the room waiting to kill her. There was slight ptosis on 
the right. The spinal fluid contained 225 cells per c.mm. and a trace 


of globulin. Her temperature was 103° F. but slowly fell to normal. 
The violent choreiform movements gradually disappeared and the 
patient became lethargic. Succeeding the chorea extensive myoclonia 


The 


precipitated by 


was observed. attacks of the latter occurred spontaneously or 


were voluntary movement. They occurred in 


Following these, quick fascicular jerks 
The face 


various groups of muscles. 


were observed. The ptosis was variable—often bilateral. 


was expressionless and rigid and masseter tenderness was present 


(Fig. 8). From time to time sharp pains were present in the ex 
tremities. Marked internal strabismus appeared associated with 
coarse jerky movements of the globes in all directions, even antero- 


These were usually caused by attempts at fixation but 
t | 


There 


posteriorly 


were occasionally spontaneous was also coarse intention 


tremor of the arms. The symptoms gradually disappeared and 
when last examined eight months after onset the patient had 
practically recovered. The eyes still oscillated slightly and ther 


was some strabismus 


(f) In the following instance peculiar movements consist 


Ww j j . } " . } . }. 
ing ol bilateral rhuthmiecal tonrve SPusnes were opserved : 


Cass 30—M. G., a colored woman, aged 27 years, entered the hos- 


1920, unable to talk on motor 


pital October 5, iccount of peculiar 


phenomena described below. Her illness began October 1 with vomit 


ing. In a few hours she was irrational and delirious. On examination 


the face was smooth and expressionless. There was slight nystagmus 
The optic discs were very red, but the margins were sharp. About ten 


had i 


bilateral contraction of the neck, abdominal 


times every minute the patient tonic spasm consisting oO! 


ind limb muscles. Th: 
contraction produced flexion at the neck, elbows, Wrists, hips, knees 
and ankles. 
There was marked sweating, at first limited to the face but eventually 


These spasms gradually became less severe and ceased, 
involving the whole body. The patient was lethargic at intervals 
Recovery was uneventful and complete. 


The striking characteristic of these tonic spasms, whether 
limited to an extremity or generalized, is their rhythmicity. 
In the case just recorded they occurred every 5-6 seconds 
during one period of observation. Later they became less 
frequent but still remarkably rhythmical. In another in 
stance only the left leg was involved and the spasm occurred 
Marie and Levy have given the name 


every 3-4 seconds. 


- bradycinesia * to this type of motor disorder. 
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(g) Hiccup of long duration, usually occurring in attacks 
alternating with free intervals, was present in the following 
instance: 

Cask 31 
October 6, 


-A white man, aged 42 years, was admitted to the hospital 
1919, complaining of hiccup and depression. The present 
illness began in September, 1919, with an attack of hiccup of three 


4 


days’ duration. Then there was a period of freedom for a week when 


the symptoms reappeared. The patient also felt weak and unsteady 
on his legs. He had a fine tremor of the hands and constant hiecup 


when first examined. 


[t is of interest that during the Canadian epidemic“ of 
encephalitis a number of instances of continuous hiccup were 
observed. Their relationship to encephalitis is still obscure, 
for apparently no other symptoms referable to the nervous 
system involvement were observed. At the present time a 
widespread epidemic in which hiceup is the only symptom is 
United States and in 


"have called attention-to the 


present in the eastern part of the 


Austria.” Siccard “ and others * 
prevalence of epidemic hiccup in France and its relation to 
abdominal and diaphragmatic myoclonia, 

(h) Convulsions were frequent at the onset in the young 
but occurred in only one instance in an adult. Case 13 illus- 


trates a frequent form of onset of the disease in children. 


A few generalizations may be drawn from the study of the 
hyperkinetic phenomena. First, a variety of movements may 
be present in one case. Thus choreiform movements may be 
replaced by myoclonia and this in turn by muscular twitch- 
Ings. Secondly, none of these, with the possible exception of 
much diagnostic 


However, a history of the 


ocular myoclonia described above, is of 
importance when considered alone. 
sequence of events will usually direct attention to the prob- 
able diagnosis. Thirdly, a variety of disorders of motility 
have been observed as late symptoms or sequel of the malady. 


These will be discussed below. 


DISTURBANCES OF SENSATION 


The sensory disorders encountered during the active stages 
of epidemic encephalitis are of considerable interest, although 
not frequent. In the early stage of the disease general hyper- 
westhesia, dependent in all probability upon meningeal irrita- 
tion, is not uncommon. It is usually very transient. Occa- 
sionally also marked tenderness of the masseters may be 
demonstrated.* In one patient this phenomenon was so 
marked that chewing was impossible and the mouth could not 
be opened. The patient was given anti-tetanic serum, although 
a few hours later diplopia and strabismus developed. 

Headache is a frequent symptom and although usually 
present only for a few days at the onset, may persist for 
weeks or months. In the later instances it may be considered 
as a direct neurological symptom and not as a part of the 
general reaction to the toxins. 

Special interest is attached to a type of radiating pain, 
occasionally constant but more often paroxysmal in character, 
which resembles closely the familiar root pains of tumors of 


* First called to our attention by Dr. H. M. Thomas. 
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the cord or the lancinating pains of tabes dorsalis. This type 
of pain was usually present in those patients who later 
developed marked muscular twitchings or choreiform or 


myoclonic movements. The following case record is typical: 


Case 32.—W. H., a white man, aged 23 years, was admitted to the 
hospital March 1, 1920, complaining of nervousness and drooping oi 
the eyelids. He had had a mild attack of influenza in September, 
1918. The present illness began February 22, 1920, with severe inter- 
mittent pain in the left ring finger which radiated upwards to the 
The pain occurred every 10-15 seconds and lasted in all two 
Following this he felt shaky and had a severe generalized 
The speech was jerky. 


elbow. 
days. 

tremor. Chewing was difficult. Drowsiness 
and diplopia appeared and the patient noticed that 
drooped. On examination the temperature was 102° F. The face was 
The pupils were active 

The extremities wert 


his evelids 


expressionless and there was bilateral ptosis. 
There was a coarse rapid tremor of the hands. 
The tendon reflexes were very active and there were 
The cerebrospinal fluid showed 
25 cells per c.mm. The 
Wassermann test was negative with the blood and cerebrospinal fluid. 
The fever soon disappeared. The pains in the arms became less 
The left forearm muscles became weak and the arm reflexes 
The pain down the left arm was the 
last symptom to disappear. When last seen, eight months later, the 
patient felt much better, but had developed insomnia at night with 
He was able to continue his medical 


quite spastic. 
bilateral patellar and ankle clonus. 
ind the globulin reaction was negative. 


severe. 


were increased on that side. 


drowsiness during the daytime. 
studies. 

In another patient the radicular pains in the limbs were 
followed by marked atrophy of the distal muscles of all the 
extremities associated with extensive fibrillary twitchings. 

Numbness or paresthesia of one-half of the body, of an arm, 
a leg or of the face, was occasionally complained of by the 
patient. Objective sensory disturbances, however, were 
seldom demonstrated in such instances. 

The polyneuritic form of the affection, discussed above, may 
occur with sensory changes similar in all respects to those 
encountered in an alcoholic polyneuritis. In other cases of 


this form of the affection no changes could be 


demonstrated. 


sensory 


MISCELLANEOUS SYMPTOMS 


Sweating is often a prominent feature of the disease. [n one 
instance (Case 29) it was limited to the face for several days 
but later became general. The gowns of some patients were 
constantly drenched with sweat, although they had little or 
no fever at the time (see Case 6). 

Urinary incontinence was present in a few instances. As 
a rule the patients were comatose or very lethargic, but in 
other cases transient loss of sphincter control was probably 
dependent on involvement of the mechanism controlling the 


bladder and rectum. 


LATE SYMPTOMS AND SEQUEL.E 


It might be expected that a disease characterized histopatho- 


logically by inflammatory alterations widely distributed 
throughout the nervous system would produce, after the cessa- 
tion of the acute process, changes in the delicate regulatory 
mechanisms which manifest themselves in various psychic and 
But the 


neuromuscular disorders. Such, indeed, is the case. 
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chronicity of the disease, the development of new symptoms 
after apparent recovery and the rapid changes that may occur, 
lead us to believe that in many instances these apparent sequel 
are in reality evidences of a disease process still active. 

The phenomena, described below, may appear at any time 
during the course of the disease. As a rule, however, the, 
occur after the subsidence of the acute stage or after appar- 
ently complete recovery. 

(1) Psychie disorders are present during the period of 
onvalescence 1 a large number of cases, They consist of 
mental depression, a feeling of unreality and inferiority, 
anges in disposition, irritability, increased psychomotor 
wtivity, disobedience in children, inability to concentrate and 
often marked mental fatigue. Occasionally delusional and 


onfusional psvchoses may appear. Emotional instability con- 


sisting in uncontrollable laughing or crying is not uncom- 
mon. In some instances these mental residuals are not strik- 
ng when the patient is in the ward. They appear, however, as 
soon as he returns to his home or his business. These unfor 
tunates, usually aware of their abnormalities, often develop 
marked neurasthenic and psychasthenic states. ‘The papers 
Papen et al.” 


MeNalty,” Abrahamson,” Leahy and Sands“ and others may 


Bramwell,” Claude.” Bergé and Hufnage}l.” 
consulted for interesting details of this phase of en- 
ephalitis. 


) 


(2) Insomnia as a late symptom or sequel of the affection 


is so characteristic, especially in children, that it will be dis- 
cussed in some detail. During the active stage of the disease 
sleeplessness is often present, especially in instances of the dis- 
ease in which hyperkinetic features were noted (MeNalty, 
Ellis, Mi \lpine.” Sicard,” Boyd,” 
Roger,” Dimitz,” Neal.” Abrahamson,” Findlay and Shiskin 


nd others). During the later stages, often some time after 


Laporte and Rouzaud,” 


ipparent recovery, a syndrome described by one of us in a 
revious report “ may make its appearance.* This consists of 
sleeplessness at night alternating with marked drowsiness or 
ven lethargy during the daytime which manifested itself as 
follows: 

Towards night the parents note a change in the child’s 
behavior: he becomes restless, excited and runs about the 


house prying into things. He will not obey. When put to 
bed he does not go to sleep but jumps up and down, shakes the 
ved, calls frequently to his parents, talks incessantly, sings, 
lows, whistles and spits on the floor. He becomes destruc- 


ve, tears the linen, shouts, runs out of his room and when 


onfined will not remain quiet. He spends the whole night 


onstant activity. He is able to recognize his parents but 
He frequently 
\t dawn 
This sleep usually 


makes queer sounds and strange gestures. 
soils the bed, plays with his feces or masturbates. 
he falls asleep and is difficult to arouse. 
lasts until noon. When awakened during this sleeping period, 
he is stupid and falls asleep again during a conversation or 
examination. For a few hours in the afternoon he seems 


fairly normal, but at dusk the restless, sleepless period begins 


This svndrome has since been observed in various European coun- 


tries. (See J. Am. M. Ass. 1921, LXXVI, 934.) 
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again. We have observed this symptom-complex in 12 
children (and in a mild form in two adults), a remarkably 
high percentage of the total cases. The striking features of 
the syndrome are the similarity of behavior of the affected 
children and the chronicity of the symptoms. In none of 
them has a return to normal taken place (February, 1921), 
although improvement has been noted in some. 

The symptom-complex may follow closely “* recovery ” from 
a typical acute attack, or develop late in convalescence; or it 
may even appear as the only recognizable clinical feature of 


the disease. It may not be as severe as outlined above, but be 


manifested as a mild disturbance in sleep of brief duration. 
Illustrative cases are as follows (see also Cases 1, 2, 7, 15 and 
32 above): 


Case 33—M. F.G 
late in February, 1920. 


and her parents would notice that frequently during the day she 


i white girl, aged 34 vears, had been well until 


\t that time she complained of feeling tired 


ind play again 
About th 
Ist of May she became restless at night and would not go to sleep 


would lie down and sleep for a while and then get uy 
She would do this from three to five times during the day. 
before early in the morning. Bromides were ineffective. Towards 
the middle of May her mother noticed weakness of her legs and 
jerky movements of the arm when grasping objects. No strabismus 
or facial weakness had been noticed She was admitted to the 
Harriet Lane Home for observation June 12, 1920. Examination at 
that time showed a small poorly nourished child, thrashing about 
restless}y in bed and quite irritable. However, she seemed bright 
mentally. Physical examination was negative except that the patient 
was disinclined to stand, although she would use her legs fairly well 


The child 


The spinal fluid was normal 


in bed. The deep reflexes were obtained with difficulty 
did not sleep until after midmght. 
A letter from the father December 22 says that the patient has greatly 
improved except that she does not always sleep well at night. How- 
ever, she sleeps better than she did previously. She will occasionally 
drop off to sleep during the daytime. She was active and mentally 
normal. 


Case 34H. G., a white boy, aged 95 years, had been previousl; 
well until February 27, 1920, on which night he was unable te go to 
Since that 


sleep, was restless and had a peculiar staring expression 


time he had not slept well at night. A facial paralysis was noted by 
the mother four days after the onset. Up to the time of admission 
he had been going to sleep about 4 a. m., sleeping often until noon. 
He was admitted for observation July 13, 1920. Examination at that 
time showed a rather thin boy, somewhat apprehensive, with a 
definite left facial paresis (Fig. 9). The pupils were unequal, but 
reacted to light. There was definite internal strabismus and hyper- 
ictive reflexes. The spinal fluid was contaminated with blood 
During the night in the hospit il the patient slept very little. He was 
seen again in September, somewhat improved but he still remained 
wake most of the night, during which time he was excitable, in 
constant motion, wanting to do something all the time, but gen- 
erally rational when spoken to. The left facial weakness was still 
present but very slight. He was said to be not as bright as he had 
been before his illness. No ibnormal muscular movements had been 
observed, but at times there was increased salivation. His voice was 
monotonous and his expression blank and worried. A communication 
from his mother, December 27, stated that there was very littk 
improvement. At times he seemed better, at others he relapsed int 


insomnia. 


Case 35—C. J., a colored boy, aged 1} years, had developed 
normally and had been well up to March 1, 1920, when he had fever 
and was fretful. The fever subsided in a few days but toward the 


last of the month the child became very lethargic, sleeping most 
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of the time. He refused food and seemed to have some difficulty in 
wallowing. There were no convulsions and he vomited only once, 


vhich was at the beginning of the illness. Examination on admission 


March 27, 1920, showed a well-nourished colored boy lving in a state 


of lethargy from which it was difficult to arouse him. The facial 
xpression was quite blank with a flattening of the nasolabial fold 
suggesting a “ mask like facies ” Fig. 10) However, there was no 

ri resent Che extremities were freely moved and the reflexes 
were active The temperature was 100° I The leucoeyte count was 


6000. ‘The spinal fluid on admission showed 19 cells per ¢.mm. and 


obulin= reaction During the dav the patient would 

rT it up Ih bed ind occasionally st ind ‘here was a LOSIS 

he evelids and a lack of attention to his surroundings. His facial 

! ion vell illustrated in the accompanying photographs. The 
ent had frequent attacks of naso-pharyngitis with elevations ot 

‘ ' but gradually beeame brighter, took more notice oft 

do was discharged in good condition May 20. The following 

ionth ( vas admitted for tonsillectomy and appeared normal 
Fig. 11 He did well until September 20 when he was wakeful and 
stless all night. tossing about im bed. Following this he did not sleep 


vakinge up generally around 11 o'clock. sereaming and 





ne at imaginary objects. Sometimes he would stay awake all 
he would go back to sleep aiter a couple 


ht and at other times 
Oceasionally during the waking period wav- 


ot hours ot W iketulness 
ents of the arms were noted Chis condition gradually 


ng moven 


roved and when last seen, January 6, 1921, he was sleeping better, 


wthough he woke up every mght tor an hour or two. However, he 
was less irritabl und excited than betore He had developed enuresis 
ind the mother had recently noted an increased amount of saliva 
with drooling pal 
Casr 36.—H. W.. a white girl, aged 9 years, had been previously well 
ept for the ordinary exanthemata until March, 1920, when she 


She recovered trom this ind 


iL 


jan acute attack of scarlet fever 
April a tonsillectomy was performed It was observed at this 
time that the child was restless at night and during the month ot 


April erky mco-ordinate Movements were noted ind certain tic-like 
novements such as constant pulling it her neck. From this time 
vakefulness had persisted. She generally slept tour to six hours in 


e twenty-four, usually between 4 a.m. and 10 a.m. She gi dually 
pecume more excited if night so that she was idmutted to a private 


rium on June 13, 1920. There was no history of paralysis or 


sant 

ocular svmptoms. Physical examination at that time was entirely 
newiutive During the day the child was bright ind cheerful. \s night 
‘ame on. she became excited, over-active, laughing loudly at times, 


in bed, pulling at her 


it others talking incoherently, standing u 
She usually went to sleep about 3 a. m. 


neck, whistling and singing 
laced in an ideal environment uu 
ind night nurse. However, there has been 


1 quiet place in the 


The patient was | 
country with a special day 
no material change in her condition and up to the present time she 
still suffers from inability to sleep at night 

Case 37—B. J., a white boy, aged 6 years, had been perfectly well 
intil February 3, 1920, on which day it was noted that he was restless 
ind delirious. ‘This excitable state lasted for three days and nights. 
During this time purposeless movements of the hands and arms were 
observed which had disappeared by February 20. \t this time also 
1 tremor of the hands was noted and a change in speech, the child 
talking much more slowly than formerly. No paralyses were noted, 
but inability to sleep, at might, developed. He was admitted to the 
Harriet Lane Home May 3, 1920. Examination at this time showed a 
well-nourished boy, apparently of normal mentality; his speech was 
slow and scanning and there was a coarse tremor of the hands. The 
cerebrospinal fluid showed 2 cells per c.mm. and a positive globulin 
reaction. The Wassermann test was negative with the blood and 
spinal fluid. The child remained in the hospital until May 31. During 


this time he slept fairly well at night, but the tremor of the hands and 


the slow scanning speech persisted. When seen July 15 this speech de- 
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tect had entirely disappeared and the patient talked in a normal man- 
ner. He was bright and responded readily to questions. The tremor 


had also disappeared, but the insomnia had become worse, the patient 


usually getting to sleep at 2 or 3 a. m. and sleeping until noon th 
following day. This condition improved so that by September he was 


sleeping fairly well at night. A report from the parents stated that 
the child died the middle of November following an acute abdominal 
condition, the nature of which was not clearly understood. No autops 


was perlormed., 
» \ . ‘ " 
“ wromusciutar phenomena OL various types may appear 


convalescence and are rather character- 


during the period o 
stiec ot the disease, In reneral these consist of muscular 
twitchings or jerkings, tremors, choreiform and_athetoid 


movements, tics, general psv homotor overactivity, Spasti ty 


and rarely paralyses (Buzzard and Greenfield.” Marie and 

Levy.” Sicard,” Netter,“ Claude.” Papin et al." Lortat-Jacob 

and Hallez,° Kahn.” MeNaltv’ Leahv and Sands™ and 
scan ) 


\ state of general psychomotor overactivity, characterized 
hy restlessness, is often present. The patients seem unable 
to remain still: they must be doing something constantly and 
lurrving, Simple acts are performed with exae- 
rerated movements. In one patient, an adult, this condition 
las been present for nearly eight months but is gradually dis- 


] ] 


ippearing. In children, due to lack of conscious control. this 
abnormal state is even more marked. 

lic-like movements are commonly present and have been 
arious authors.” ™ * They consist in the fre- 
quent repetition of some act and are indistinguishable from 
the common tics of psychasthenics. The following cases illus- 


trate these movements: 


Case 38.—C. 8., a white boy, aged 7 years, was admitted to the 
Harriet Lane Home February 24, 1920. He had been perfectly well 
y) to February 19, at which time it was noted that he talked strangely. 
That night delirium, restlessness and muscular twitchings were noted. 
rhe following day the restlessness continued and a physician who was 
called thought the boy had chorea. \iter a sedative was given, the 
movements stopped, and the bov became stuporous. On admission 
to the hospital he was in stupor and sl pt a great deal of the time. 
However, he could be aroused and would respond to questions. There 
Was no paralysis and the physical examination was practically nega- 
tive. The temperature on admission was 103° F. It dropped in the 
course of five days to normal. The leucocyte count was 16.000 and 
the spinal fluid contained 36 cells per c.mm. and gave a positive 
globulin reaction. There were no choreiform movements observed 
in the hospital. The patient gradually recovered from his stupor 
ind was discharged April 5, 1920. A few days after his return home 
he became restless at night and up to the present time (nine months) 
has not slept well at night. According to the description of the 
mother, he would stay awake at night talking to himself. He gen- 
erally went to sleep about 4 a. m. and slept until noon. He became 
ery emotional and shy. Shortly after discharge various tic-like 
movements made their appearance. Thus when he was seen in May 
he would repeatedly touch his forefinger to his tongue and place th: 
wet finger to his cheek and also on various objects of furniture. He 
was very nervous and in constant activity. Since his illness his dis- 
position had changed. He was afraid of everybody and had becon: 
morose and queer. His memory had become impaired so that he did 
not remember having been in the hospital. This condition has per- 
sisted except that other tic-like movements have followed, replacing 
the earlier ones, such as licking the back of his hand and wiping his 
forehead, making beckoning movements with fingers, snapping his 
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ngers, INaking circular swinging movements ol his arms, going ubout 

oom rapping On various articles of furniture, ete. In July h 
to spit and when seen was constantly expectorating on thé 
o that at the end of an hour there was quite a collection of 
1 mumbling. When 


December 20, there was no improvement in his condition, he still 


His speech became more indistinct 





a uWwiake nd active all night and it was nec¢ ssary to place 


st 39.—P. E., a white boy, aged 94 vears, was well until February 

l 20. On that mght he slept poorly. Two days later he had 

ision and was at times delirious. Insomnia followed and h 
ted to the Marriet Lane Home February 19, 1920. Examina- 

tl ol dmuission showed a well-nourished bov, t times rational! 

) t other times threshing about in bed in active delirium rl 

} s were dilated but no palsies were made out. The reflexes wei 
‘ The leucocyte count was 12,600. The spinal fluid showed 

rc.mam. and gave a positive globulin reaction. The Wasser 

est s negative with the blood and spinal fluid. During the 

ix lelirium tl itient made exaggerated uncodrdinated 

‘ nts of the limbs and sedatives were required. The tempera- 

| m admission was 101° F. and fell to normal on the fourth day 
\t his tlm the delirium and movements had stopped, the patient 

3 ntally clear and co-operative, slept well at night, and the 

hysical examination was entirely negative He was discharged 

March 5 Almost immediately aiter his return home he ch veloped 

ness at night and a series of tic-like 1otor phenomena, 

voth night and day These consisted in rst, stretching 

otions of the arms, in which the arm was extended and several 


\ similar movement 
s de with the legs. When asked why he did this, he said ix 


tions made as one does in stretching. 


It better aiter the motion had been mad Phere was no marked 


iin in the extremities. Second, the forefinger and middle finger 


ere raised to the nose and a wiping movement made, the patient 

blowing through the nose at the same time. There was no nasal dis- 

| ! ru Third. constant movements ot the fingers, as placing the 
' 


iddle finger on the forefinger, the ring finger on the middle ting 
nd the little finger on the ring finger. Fourth, the patient would 
deep bre ith and make 


ng the throat. However, there was no production of mucus oi 


quick expiration as one does in clear- 


sputum. The boy talked in a whisper and was very fidgety and 
excited. Mentally he was clear and there was no return of the de- 
irlum. Physical examination was negative The spinal fluid was 
normal except for the presence of globulin He was kept in the 
ospital several days, and on account of his activity and inability to 
sleep was transferred to the psychiatric ward. He remained there for 
several weeks without marked improvement. When seen at home 
n July these movements were still present ind he had deve loped th 
habit of spitting. In September the arm motions had stopped but 
the insomnia had not improved. By the last of October he was 
sleeping fairly well at night, though waking up frequently. No tic- 


} 


ike movements were observed and he had stopped spitting. However, 





was very nervous and f xcitable , erving ¢ asily ind ¢ xtreme ly fidge ty, 
constantly using his hands to handle objects on the desk, to fumb! 


with his clothing, ete. He was sent to school and has done fairly well 


he characteristfe features of these movements are. first, 
their constant repetition, and second, their short duration. 
Thus, after one tic-like movement has vanished, another 
movement or habit spasm appears in its place. These move- 
ments are especially marked at night in many instances. 

General spasticily as a late symptom or sequel of the dis 
ease occasionally associated with a coarse tremor or with 
choreiform or athetoid movements was present in a number 
our cases. There is often a peculiar stiffness of the car- 


riage, the arms, back and shoulders scarcely moving and the 
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steps very short. TH face May eC expressionless and the 
volce monotonous, as in Case 2 above. 


Hlemiathetosis was present in the following case: 


Case 40—W.S., a white man, aged 29 years, complained of jerking 
of the left arn nd leit leg In February, 1920, the patient had 
febrile disease said to be influenza Following this he was very drowsy 


nd went to sleep while driving or cating Subsequently there was 
period of insomnia About, the iddle of April, 1920, the left arn 
became weak; then the left arm, left leg and left side of the face 
began to jerk On examination the patient was mentally clear 
There were continuous choreo-athetoid movements of the left arm 
leit leg and lett face without changes in the reflexes or tonicity Phe 


hyperkinetic phenomena were gradually becoming less marked when 


he patient was last seen (November, 1920 


Paralyses of long duration were rarely observed. In tl 
ollowing instance, however, the paralysis present for mar 
months was rapidly cures ersuaslo ind was therefore « 
ysterical origi In ar atient (Case 28) the weakness 
{f the left hand was o ! 


i. colored girl ged 13 vears, stated that in March 


1920, she had measles. On April 1, 1920, she began to have headaches 


companied by nausea und vomiting she \ s very drows\ sleeping 
constantly for week. On examination the patient was drowsy and 
listless and the face was expressionless. There is slight fever ry 

inal fluid contained 60 lymphocytes per c.mi Phe itient was 
discharged in June, 1920, ppare ntly well \ week late: | ight 
rm became rigid and paralyzed and very tender to the tou Atte 
this condition had persisted for five months, the tient Was again 
dmitted to the hospital Phe mght arm was held rigidly and 
verv” hyperwstheti rhe sensory disturbance was distributed in 
shirt sleeve Che condition was believed to be hysterical and 


i 
s quickly cured by suggestion 


Salivation.—Increased prod 


ction of saliva an requeut 
spitting were often observed as late symptoms of the disease 
in children. One child while being examined would spit to 
such an extent that there was quite a collection of water o1 
the floor at the end of a half-hour. These children are usually 
trained by their parents to expectorate into a handkerchief 
and it was not unusual to see a child coming into the clini 
holding l saliva-soaked handkerchiet Ink this hand and con- 
stantly spitting into it. In our experience it usually comes on 
ate in convalescence and is frequently more marked at night 
than in the daytime. At first we were inclined to attribute 
this habit to the peculiar mental attitude of these children, 
but it seems more likely that an actual increased production 
of saliva is present. Netter” has called attention to this 
symptom and makes it the basis of his pilocarpin treatment. 
Bergé and Hofnagel,” Pierre Marie and Levy,” and Leahy 
and Sands ~ report salivation in several cases and Babonneix ‘ 
and Netter“ acute parotitis (not epidemic) developing in the 
course of the disease. 

It is interesting in this connection to recall Gordon’s 
paper ~ on an epidemic in 1913 of a peculiar malady char 
acterized by enlargement of the salivary glands, salivation, 
nervous symptoms and spinal fluid changes. The condition, 
he stated, was not mumps. 

Enuresis noclurna was frequently observed in children fol- 


lowing recovery from this disease. These children drink a 
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rreat deal of water, especially at night during the waking 
eriod, 


LABORATORY EXAMINATIONS 


48 OOS ‘ 


The leucocyte count according to various authors 
is usually normal or slightly increased. The average given 

between 10,000 and 14,000 per c.mm. The differential 
formula is usually not altered, unless there is a leucocytosis, 
und then there is a polymorphonuclear increase. 

It should be mentioned that the variability of the leucocyte 
count may depend somewhat on the stage of the disease when 
the count is made. The erythrocyte count and the hemo- 
rlobin content were not altered in uncomplicated cases. The 
leucoeyte count in our cases varied between 2600 and 20,000. 
In general, however, the leucocyte count was normal or slightly 
here ased, 

7 


Spinal Fluid.—The earlier reports of the disease stated 


that abnormalities of the cerebrospinal fluid were infrequently 


observed. Later studies, however, have demonstrated that 
alterations of the spinal fluid are usually present during the 


cute stage of the disease. Benard “ reviewed this subject in 


1920 and from his studies and those of other authors “* *° 
e following deseription of the cerebrospinal fluid in’ epi- 

lemic encephalitis is taken : 

(1) The fluid is clear and colorless. 

(2) The pressure is normal or slightly increased, 

(3) There is a cellular increase early in the disease, which 
rapidly disappears, although Netter“ stated that the pleo- 
ceytosis may reappear during a relapse. The cells are usually 
mononuclear in type. Polymorphonuclear cells may be 
present in a small percentage. The total cell count varies 
from normal to- 200 or more per cubic millimeter, averaging 
from 25 to 40. 

(4) The amount of globulin is normal or increased. The 
increase in the amount of globulin, however, is generally not 
as marked as the increase in the number of cells (* dissociation 

vtoalbuminique os ( Bernard a) ); ah Important point in dif- 
ferential diagnosis. 

Table | above shows the results of the examinations of the 
cerebrospinal fluid in our cases. This table brings out the 
ollowing points: 

(1) The fluid from cases during the acute stage of the 
disease practically always shows some change, either (a) 
increase in cells, or (b) increase in globulin, or (¢) both. 

(2) The cell count at the onset may be only slightly 


nereased, rise quickly to a peak and then fall rapidly. For 


this reason several examinations of the fluid are of more 
value than a single examination in showing abnormalities, 
ind especially in differentiating from tuberculous menin- 
ritis (v. 1.). 

(3) The globulin content is usually only slightly increased 
except in cases showing evidence of cord involvement; these 
may show strong globulin reactions. This increase may per- 
sist for months after recovery. 

(4) The gold chloride curve reveals nothing of special 


diagnostic value (see Table 1). 
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Urine.—The examination of the urine reveals nothing of 
diagnostic value. The findings are those of any acute in- 
fectious disease. 

Bacteriology.—V arious observers * have reported the isola- 
tion both ante and post mortem of a variety of organisms with 
which they claim to have reproduced pathologic changes in 
animals similar to those found in human epidemic encepha- 
litis. These organisms fall into four groups: First, Gram- 


positive cocci: second, Gram-negative cocci; third, filter- 
passing globoid bodies, and fourth, a liltrable Virus ( bacteria- 
free). Lf each of these produce similar lesions in animals on 
ntracerebral injection, then one must conclude either that 
they are all different forms of the same organism, or that the 
esions reproduced are non-specific. This uncertainty, to- 
gether with the negative findings of so many competent 


observers, make us feel that, although the bacterial natur 


*Von Wiessner™ in 1917 in Vienna isolated a Gram-positive 
diplostreptococeus with which he produced pathologic changes in 
animals. This organism was also found by von Economo™ in the 
spinal fluid, blood and nasal secretions of patients. Dimitz* found 
the same organism during life and post mortem in cases of the chorei- 
in Munich. The 
latter were unable to reproduce the disease in animals. Maggiora, 


form type of the disease, as did Cohn and Lauber’ 


Montovani and Tombalato “ found a small Gram-positive diplococcus 
which was agglutinated in a dilution of 1: 100 by the patients’ serum 
ind by the serum of convalescents from the disease but not by normal] 
serum. They were able to produce lesions in guinea-pigs on inocula- 
tion with cultures of this organism. Maggiore and Sindoni™ isolated 
from the blood and spinal fluid of five patients a Gram-negative 
coecus which on passage through rabbits produced the pathologic 
picture of encephalitis. They liken these cocci to those isolated by 
Noguchi in poliomyelitis. Ottolenghi and his co-workers 
to produce pathologic changes in guinea-pigs with a filtrable virus 
obtained from the blood, spinal fluid and nasal washings. Gabri° 


82 


were able 


cultivated an organism (M. tetragenus) from the blood in three cases. 
but his animal inoculations proved negative. Boccolari and Panini ™ 
found a Gram-negative diplococcus in the blood. Marinesco* in 
England saw in stained sections Gram-negative diplococei and Gram- 
positive bacilli, but considered their etiological relationship to th« 
disease open to question. MeIntosh and Turnbull and more recent!y 
MclIntosh™ obtained positive inoculations in monkeys and rabbits 
with a virus from the brain of a fatal case, but were unable to grow 
an organism. 

Bradford, Bashford and Wilson™: “:™:”:" recovered from the 
brains of cases of encephalitis and polyneuritis a filtrable virus, and 
Basher, Caldwell and Coombie™ a Gram-positive organism. 

In America Stafford” and Morse and Crump™ recovered Gram- 
positive cocci and the latter sueceeded in producing lethargic states 
in rabbits after intra-cerebral injections. Loewe, Hirschfeld and 
Strauss” isolated a minute filtrable organism from the brain, cerebro- 
spinal fluid and nasal washings, which on injection into rabbits and 
monkeys produced pathologic changes. Thalheimer” recovered 2 
similar organism. House” recovered a Gram-positive diplococcus froin 
the brain in a fatal case and Dunn and Heagey “ a green streptococcus 
from the blood. Levaditi and Harvier,” in France, obtained a filtrable 
virus from the brain of a fatal case which they claimed reproduced 
in rabbits typical lesions of epidemic encephalitis. This virus could 
be passed through several rabbits and then become pathogenic for 
guinea-pigs. However, the virus was not neutralized by the sera of 
found that the blood 


100 


patients convalescing from the disease. Amoss 
serum of recently convalescent cases of epidemic encephalitis does 
not neutralize the virus of poliomyelitis, whereas the serum of con- 
valescent cases of poliomyelitis possesses this neutralizing power. 
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epidemic encephalitis is highly probable, the causative 
inism has not yet been definitely demonstrated. 


DIAGNOSIS 


The clinical features of this disease are so polymorphous 
the diagnosis is often particularly difficult even in the 
resence of an epidemic. At best it is an exclusion diagnosis, 
arge number of affections of the nervous system may 
uce symptom complexes similar to those observed in epi- 
em CTICE phalitis. Only by elimination of all other known 
sources OT herve cell damage and by observation over a conh- 
siderable period of time can the diagnosis be made with any 
gree OL certainty. 
The most important diseases which may simulate epidemic 
ephalitis are the various other types of encephalitis, tuber 


Lous meningitis, abscess and tumor of the brain, acute 


oliomyelitis and syphilis of the nervous system. 

Four types of non-purulent encephalitis are encountered 
with sufficient frequency to be of importance in differential 
jagnosis. 


(a) Acute non-suppurative encephalitis following the acute 


fectious diseases such as typhoid fever, measles, mumps, 


arlatina and pertussis, is not uncommon, especially in 


s 


ldren. In most instances the history of the preceding 
IIness, the presence of numerous convulsions, the short dura- 
tion and the absence of prolonged lethargy and ocular palsies 
help in their differentiation. In a few instances the two 
liseases may be indistinguishable clinically and the diagnosis 
must rest on the history of the preceding illness. The follow- 
ng case is an example: 

Case 42.—W. E., a white boy, aged 6 vears, was taken ill April 18, 
1920, with cough, coryza and conjunctivitis. The following day an 
eruption appeared. The description of this eruption suggested measles. 
He did fairly well until the night of April 22 when he had several 
convulsions. He was admitted the following day to the Harriet Lane 
Home. Examination at this time showed well-nourished boy, 
conscious, lying quietly in bed. There was a faded morbilliform erup- 
tion over the face, body and extremities. Examination was otherwise 
negative. Lumbar puncture showed a clear fluid with 130 mononu- 
clear cells per c.mm. and a positive globulin reaction. No tubercl 
bacilli were found in the fluid. At first the patient seemed dull 
mentally and the question of tuberculous meningitis was raised. 
However, the following day the patient was bright and promptly 
recovered. The spinal fluid on April 27 showed 23 cells and a faintly 
positive globulin reaction and on May 1 was normal. The child was 
discharged well the following day. When seen « month later, he 
seemed to have compl tely recovered without sequela. The diagnosis 
of an acute encephalitis following measles was made. 

(2) Infantile cerebral paralysis (hemiplegia et diplegia 
spastica infantilis of Striimpell “") is characterized by a sudden 
onset with fever, convulsions and vomiting and followed by 
spastic hemiplegia or diplegia often with ocular paralysis and 
later by athetosis, epilepsy and mental retardation. 

(3) The encephalitic type of acute poliomyelitis is similar 
to the disease described above. This type is so rarely observed 
even during epidemics of acute poliomyelitis (Wickmann,”™ 
) that its relation- 


04 


Romer,” Peabody, Draper and Dochez ’ 
ship to acute poliomyelitis is still questionable. 
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Typical cases of the two types described above can be 
differentiated from epidemik encephalitis by the clinical 
course, the persistence ol paralysis and the seque lee. 

(4) Encephalitis from lead 1s occasionally observed in 
infants.” Other evidences of lead polsoning, the history of 
ingestion of paint and the presence of frequent convulsions 
usually lead to a positive diagnosis. 

Tuberculous Meninailis—Great difficulty. espe tally 
children, is found in the differentiation of epidemic encepha- 
litis from tuberculous meningitis. Early in the course of 
either disease the clinical pictures may be so similar that not 
until several days have elapsed, or until characteristic changes 


have Oct urred inn the spinal Huid, (oes the diagnosis becony 


Case 43.—E. G. R., a white girl, aged 34 vears, was admitted to 
the Harriet Lane Home July 17, 1919. Her father had active tuber- 
culosis and there had been intimate contact between the child and 
the father. Phe past history had been uneventful. The present 
illness began suddenly the night of July 13 with vomiting. On the 
foliowing day the patient vomited again and for the next few days 
felt tired and weak. July 17, while on a street car, she had a con- 
vulsion which was generalized. Following this there were five or 
six general convulsions. The patient was admitted in a state of 
stupor with a temperature of 101° F. Physical examination revealed 
nothing at that time but an unconscious, convulsive child with 
hyperactive reflexes. The leucocyte count was 13,000 and the spinal 
fluid practically normal. The tuberculin test was positive. The 
following day irregular respiration of the Cheyne Stokes type was 
present and the convulsions continued. Strabismus and a facial weak- 
ness developed. The lumbar puncture was repeated on July 19 showing 
2% cells per c.mm., a positive globulin reaction and film formation 
Subsequent punctures revealed a steady increase in cells (see c. s. { 
chart) but no tubercle bacilli could be found. (Guinea-pigs inocu- 
lated with the fluid showed no evidence of infection eight weeks later) 
However, in view of the exposure, positive tuberculin reaction, spinal 
fluid changes and comatose state with Cheyne Stokes breathing, tuber- 
culous meningitis was considered the most probable diagnosis. The 
temperature rose on July 23 to 105° F.; following this it fell to normal 
During this period the patient remained in a 
On July 27 


and remained so. 
stuporous state and when aroused was very irritable. 
she began to recognize her surroundings and became less drowsy 
but extremely irritable. She steadily improved and by the middle 
of August was walking about the ward apparently normal. She 
was discharged at this time and reports from the mother indicate 


complete recovery without sequel. 


Case 44-——M. W., a colored girl, aged 2 vears, was admitted to th: 
Harriet Lane Home May 20, 1920, with the complaint “ sleeps all the 
time.” This condition began the middle of March with trembling of 
the hands, weakness and unsteadiness in walking. She became less 
playful, but otherwise nothing abnormal was noted until April 25, 
when she fell. After this her gait became unsteady, and the tremor 
of the hands was more noticeable. On May 13 she became verv 
f the 


drowsy and following this remained in bed sleeping most « 
time. No vomiting, convulsions, or paralyses were noted. Examina- 
tion on admission showed a well-nourished colored girl lying in a 
state of deep lethargy from which it was impossible to arouse her 
The extremities were somewhat spastic, but the reflexes were not 
exaggerated. The temperature was normal, the leucocyte count 
10,000, the Pirquet and intracutaneous tuberculin reaction with 0.1 
mgm. O. T. negative. Lumbar puncture showed a clear fluid, 41 celis 
per c.mm. and a positive globulin reaction. No films formed in the 
fluid. The Wassermann test was negative with the blood and spinal 
fluid. The X-ray picture of the chest showed normal lungs. The 
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ye-grounds were likewise normal. The diagnosis of epidemic en- 
phahtis was made On April 22 retraction of the head was noted; 
he first evidence of meningeal irritation that the patient had shown 
Lhis becume more marked and on the tollowing day there was 
isthotonos. The temperature remained normal. Successive lumbar 
une ! howed an increase in cells up to 152 with a OSILIV 
vlob ietion Che itient’s condition grew rapidly worse and 
lied May 24 Che question as to diagnosis between epidemic 
neephalitis and tuberculous meningitis was not settled until autopsy 
Che development of signs of meningeal irritation and = thi tendy 
e in the number of cells with an increasing amount of globulin 
( 1 favor of the latte gh the absence of fever, the 
ibereulin tests, X-ray examination and inability to demon- 
le bacill e spimmal fluid were agaist this diagnosis. 
\ ( { te \ 

here are il points that aid one . oblem, par 

Ss ta eh are concerhet 

First. The onset in tuberculous meningitis is more gradual 
vhile encepha : en abrupt and acute, as a rule 
C1 ng the onset of any acute infectious disease. 

Sec Che temperatu nh ence \ s is high at the 

siding rathy ipldly, whereas u verculous Menin 

a 31 o}) onse ut rises toward the ena. 
Third. Clinical course. —Tuberculous meningitis in ¢hil 
isuall ital iree Weeks, whereas encephalitis may 
( rot FOU el j ( od Of nouths 
lourt Kvidence of tuberculosis elsewhere (tuberculosis 
( n, tubercles of the choroid, X-ray of chest, tuberculin 
( ( { } 

Fifth. The cerebrospinal fluid. 

(a) The pressure is usually normal or very slightly in 
‘eased in encephalitis, whereas s usually under increased 
pressure in tuberculous meningitis. 

(b) The cell count in encephalitis may be high at onset, 
ipidly falling to normal. In tuberculous meningitis, it is 
ot much increased at onset, but rises rapidly as the disease 
re “CSSOCS 

(c) The amount of globulin is greater in tuberculous 


meningitis than in epidemic encephalitis. 
(d) Films rarely form in encephalitis in typical manner 
probably pecause the amount ol 


I 


is In tuberculous Meningitis, 


globulin and fibrin are less. 
(e) ‘Tubercle bacilli may be demonstrated in the films in 
tuberculous meningitis repeatedly searched for. Guinea- 


pig inoculation may be positive. 
Poliomyelitts.—In its typical form, poliomyelitis is easily 


‘pidemic encephalitis. The nature ol 


distinguishable from 


the paralyses is entirely different, as are the clinical course and 


the sequela. The chief difficulty lies in the following types of 
Cases: 
l. Acute 


tion, changes in the spinal fluid and death in a few hours. 


fulminant cases with high fever, great prostra- 


Case 45—D. G., a white girl, aged 6 vears, was taken ill on June 18, 


1919, with fever and drowsiness. 
lethargic On June 21 she became unconscious, The lever 


continued and she was brought to the hospital June 22. Examination 


Anorexia developed and she became 


more 


on admission showed a somewhat poorly nourished white girl lving 
in an unconscious state with eyes half closed. The respirations were 


slow and irregular with periods of apnea. There was drooling of 
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he mouth. The deep reflexes were obtamed and ther 


vas a positive Kernig’s sign. The Babinski was positive on the right. 
Che temperature was 101° F.; the leucocyte count was 18,000. Lumbar 
I cells per ¢. mm 


mononucle: 


yuncture showed a clear fluid with 55 


the following day the patient 


ind a negative globulin reaction. On 


hud repeated convulsions. The temperature rose rapidly reaching 


108° F She died June 24. No 





iutopsvy was performed. In suc! 


‘ases it Is impossible to make 


lilferentiation clinically. The pres- 


ence of an epidemic, however, mav be an aid. 


Ir form 


“4 1 l¢ Eneephalitie Form it Po lomyelilis, Chis 


was discussed brietly above and extremely rare, even during 


epidemics of poliomyelitis. One must depend here too on the 
yresence of an epidemic. 


We may a 
cases (LOL9-1920) poliomyelitis was extremely infrequent in 


ld that during the period of observation of these 


Baltimore. There is no evidence clinically, epidemiologically, 
vr histologically of the identity of the two diseases and om 
must assume, theretore, that they are distinct entities (see 


\MeNalty >). 


GIscUssION D\ 
orm of encephalitis described above (peripheral! 


a In the 
or polyneuritic type) it ma impossible to differentiate 


poliomyelitis. Symmetrical flaccid 


orm ol 
the latter disease, but it is rare. The 


rom the same 


adoes occur In 


is at the same time, the 


occurrence ol other cases of encephailt 


complete recovery and the optic neuritis in one patient in- 
clined us to regard these cases as encephalitis rather than 
poliomyelitis. 

Syphilis of the central nervous system must always be 


excluded the result of the Wassermann test with the bloo 
and cerebrospinal fluid. It is possible for a patient with 
cerebrospinal syphilis to acquire epidemic encephalitis, but 
such an occurrence would be unusual. The pupillary changes 


and the transient pareses always make one think of syphilis. 


In general, however, the syphilitic diseases of the nervous 
system are more insidious in their onset and more chronic in 
their course, and changes in the optic discs are far more 


common, 


Tumor of the There 
ential diagnosis between epidemic encephalitis and tumor of 


Brain. is rarely diificulty in differ- 


The former is usually a febrile disease character- 


transient and recurrent 
Moreover, choked dise, so common with intra- 


the brain. 
“eu DY paralyses not referable to a 
single lesion. 


cranial neoplasms, has been rarely observed in instances of 
epidemic encephalitis. A rapidly growing infiltrating tumor 


of the pons or mid-brain must be excluded in every instance. 
A careful study of the sequence of the symptoms, together 
fundi and subarachnoid 


with repeated examination of the 


fluid throughout a period of observation, will usually prevent 


in diagnosis. 


the Brain.—We 


an error 


have met with one instance in 


] . } 
ISCPSS OF 


which during life encephalitis was suspected, but at autopsy an 
abscess of the brain was discovered. 


F. M., a colored boy, aged 34 vears, was brought to the 
Harriet Lane Home September 27, 1920, with the history that he 


had been well until four weeks ago and since that time had been list- 


Case 46. 


less and drowsy, had complained of pains in the abdomen and had 
vomited after every feeding. There had been no convulsions and the 


mother did not think there had been fever. Examination on admis- 
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sion showed a well-nourished colored boy lying in an apathetic state. 


However, he was quite conscious and apparently understood what was 


said to him. There were no signs of meningeal irritation, there was 


slight right facial we ikness and the deep reflexes could not be ob- 


ined: otherwise the examination was negative. Ophthalmological 


ination showed a bilateral choked disc. The temperature was 


stay in the hospital. rhe 


iormal and remained so during the entire 


vvte count was 14,000. 


The spinal fiuid was under slightly in- 


sed pressure with 8 cells per ¢. mm. and untly positive globulin 
é mn. Epidemic encephalitis was considered, although the bilater:| 
ed dise was evidence against this diagnosis. The patient became 


re drowsy, he vomited continually and went into coma on 
sé ember 30 He died the \iter his death 
stated that two months before admission the child fell 
into his fae rhis 
Autopsy sli 


staphylococcus iureus) with 


following day 
| nothet 


n plank, running a nail wound healed 


omptls nd the incident was forgotten. ywwed an ibscess 


he | t temporal lobe punched out 


in th lett temporal bone. There was no xternal evidence ol 


Che eclinieal picture of abscess nay I ery similar to that 


ff encephalitis with an acute onset, high fever, delirium or 
tupor. slight spinal fluid changes, coma and death. One’: 
SUSD ons should be excited by the presence of a focus of 
nfection (chronic otitis or mastoiditis or sinusitis) or of an 


infection elsewhere in 


Blood 


njiuryv or evidence of the body as well 


s by localizing symptoms. ultures may be of value 


Druq Poisoning—Attention was called by Hassin and 
] 


W en 


(trional) polsoning to that of encephalitis. 


to the similarity of the state resulting from barbital 


Such a condition 


vg History 


nay perhaps be produced by any hypnotic drug. Th 
ind the absence of change in the spinal fluid should eliminate 
this source of error. 


Diseases. time of 


\t the 


whether we are 


} ] 
rule 


le wl ¢ Fi 


mpossible lo 


med Other 


| ow 


mset it may be determin 


dealing with an acute infectious disease with mental and 


rebral symptoms or with an encephalitis. This is particu- 
irly true in children who so frequently react to acute infec- 
ions with delirium and psychotic states as well 
} 


be possible only after observing the 


as stupor. 


The differentiation may 


uurse of the disease, or the results or the 


laboratory tests. 


U'remia.—Uremic states may present a picture closely 
esembling that of encephalitis and this must be kept con- 
stantly in mind. We encountered this difficulty in the fol- 


lowing case: 
B. McC., a white girl, aged 4 years, was admitted to the 


March 28, 1920. She had been well until March 7 


vhich time she had high fever, was drowsy and complained of head- 


Case 47 


Harriet Lane Home 


che and pain in the eyes. There was a skin eruption which dis- 


sppeared in a few days. The child continued to be drowsy and 


mmited repeatedly. There was fever but no paralysis was noted. On 
March 15 there was a tremor of both hands and, on the following day, 
the mother noted a strabismus. That evening the child had a gen- 
eral convulsion which was repeated on the succeeding day whereupon 
she was admitted to the hospital. Physical examination on admission 


showed a poorly nourished white girl lying in bed in a stuporous 
condition from which she could be aroused with difficulty. The 
Other- 


Shortly after admission 


respirations were slow and deep and suggestive of hyperpncea. 
wise the physical examination was negative. 
the patient had a general convulsion. The temperature was 101° F., 
the Jeucocyte count 18,000 and the bicarbonate content of the blood 
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serum 14 volumes p Van Slyke). 


fluid 


rcent Spin il puncture showed ( le ar 


under somewhat increased pressure, 2 .mm. and a 


cells per ¢ 


faintly positive globulin reaction. The 


urine was clear, its specific 





gravity 1018. acid, albumin in large amount, sus negative, acetone 
trace, gualac negative; microscopically it showed a few white cells 
put no casts The Wassermann test was negative with the blood and 


spinal fluid. The patient was given sodium bicarbonate by gavage 


She rapidly became comatose however, ind the cCONVUISIONS We! 


repeated. The temperature rose rapidly to 105.5° F. and the patient 
died March 29 Lumbat ncture made post mortem showed 52 
mononuclear cells per c.mm. and a positive globulin reaction. The 


clinical diagnosis was epidemic encephalitis. The anatomical dia 


nosis was chronic, diffuse nephritis rhe brain was entirely normal 


both in gross and on microscopical examination 


The urie, blood pressure, fundus changes and renal fun 


tion tests should aid in eliminating this source of error. 


Peripheral other causes 


(lead, 


paralyuses aue to arsenic, 
diphtheria, alcohol, beri-beri, etc.). 
Before Making a diagnosis ol 


iT Is 


ripheral paralysis by the 


the polyneuritic form of this 


} 


disease necessary to eliminate the other causes of 


history and appropriate tests 


PROGNOSIS 


The mortality within wide limits in th arious 


Varies 


reports. In Ge rmany it has been 30 to 40 per cent ( Economo, 
( Netter. Bern 
(MecNalty, Howell) and in 


(Abrahamson,” Boyd,“ Wegeforth 


Dimitz”), in France 25 to 30 per cent ard”), 


n Kneland ~0 to 50 ner cent 
\merica 10 to 40 per cent 
and Ayer ae 


In our series of 81 cases there were six deaths, a 


mortality 


ate of 7.4 per cent. In general, if the patient survives the 


acute stage ol the disease, th prognosis as to life s fairly 


ood : as to complet recovery, howeve # the prognosis must be 


reserved owing to the frequency of sequelae. Relapses are 


rare, but are said to have a high mortality (Netter). 


‘TREATMENT 


|. Greneral Measures.—lt is important, in the treatment ot 


this disease, to bear in mind that epidemic encephalitis is not 
an acute disease of short duration, but may last over a period 
of many months and that convalescence is as a rule slow and 
tedious because of the frequency of psychic and motor dis- 
turbances as described above. Therefore, these patients should 
be carefully watched and protected over a sufficient period 
of time following the subsidence of the acute symptoms of 
the disease to make sure that 


recovery 1s complete before 


permitting them to take up their regular occupations. ‘This 
becomes extremely difficult when we find that sequelae may 
arise months after apparent recovery. 

At the onset of symptoms the patient should be placed in 
separate room and kept as quiet as possible. Careful super- 
vision is required because of the development of excitation 
reactions (delirium, mania, chorea, etc.). General isolation 
of the patient is advisable, but it 1s not necessary to isolate so 
strictly as with diseases of more infectious a nature. We 
know of no disease in which careful nursing plays a more 


important role, for these patients are generally quite helpless. 
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The diet should be liquid or soft since difficulty in swallowing 
is often present and gavage may be necessary. One of our 
patients in deep lethargy had to be fed by gavage for five 
weeks, Sedatives may be necessary during the state of agita- 
tion, delirium and motor excitation. During convalescence, 
also, the patient should be protected in every way possible 
and fatigue and excitement avoided. It is a mistake to regard 
cured ” after the acute symptoms have sub- 


the 


the patients as “ 


sided, for during convalescence unpleasant sequel, 


insomnia, psychic disturbances, change in disposition and 
The 


parents and relatives should be forewarned of the possibility 


reneral motor overactivity, often make their appearance. 


of the appearance of these symptoms, and parents should be 
odd 
The insomnia is most difficult 


advised not to punish children for and untidy acts 


entirely beyond their control. 
to combat. We have had no success with hypnotics, baths or 
packs, and have allowed the patients to sleep during the day 


\lost 0 


improved with time, but great patience on the part of parents 


them have 


time, receiving their food when awake. 


and relatives is required. Leany and Sands advise that these 


patients be kept awake during the daytime and that occupa 


tional therapy be emploved. 


2. Drugs.—There is no specitie for this malady, although 


i variety of drugs have been used. Netter,” basing his opinion 


on the work of Crowe and Cushing, believes that hexamethy 


lenamine is of value when given by mouth. If the urine be 


carefully watched there is no harm in giving this drug, 


although its value is problematical. The same author also 


advises pilocarpin in patients with sialorrhea, believing that 


in this way one may influence the elimination of the virus. 
\lthough sialorrhea was frequently observed in our cases, we 
have had no experience with the use of sialogogues. 

Salvarsan has found favor with various observers ( Netter,” 


{ 


Fourrier ), the latter finding marked improvement following 


its administration. The specificity of arsenic in these cases 
is doubtful. Sedatives, as mentioned above, are helpful in the 
acute stage, although their use in the chronic sleeplessness of 
convalescence is disappointing. 

Repeated withdrawal of spinal 


if the 


3. Intraspinous Therapy. 
fluid during the acute stage of the disease, especially 


fluid be under increases pressure, is generally regarded as of 


value. Reasoning by analogy with poliomyelitis Netter,” 
Sabrazes and Massias,” Marinesco, Sicard" and others 


advise the intraspinous injection of the blood ef convalescent 


11 


“atients, and Cantieri and Vegni ~ the intraspinous injection 


of the spinal fluid of convalescent patients, The SCarelty of 


available convalescents makes this form of therapy limited, 


unless one encounters a large local epidemic. It is quite 
possible that the local irritation produced is the factor of 
value in this treatment as is probably the case in the improve- 
ment after the injection of other sera intraspinously (anti- 
tetanic serum Laubie,™ grippe serum Fendel,” etc.). 

of the 


that is, the production of a 


t. Miscellaneows;—Netter * has been an exponent 
use of the “ abscess of fixation,” 
sterile abscess by injection of turpentine in a remote part of 


tne body. He reports marked improvement following its use. 
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The serum Fendel,” 
Oehming,” 
the intravenous injection of hypertonic salt solutions ( Hoff- 
the of colloidal iodin solutions 


*) have been recommended. 


of (grippe 
auto-serum Brill,“* Bourges and Mareandier™), 


injection various sera 


man") and injections 


il 


( Claisse We have had no experi- 


ence with these measures. We may say, in summary, that 


there is no specific therapy for this disease. Each case must 


be treated on its own merits with quiet, rest, hypnotics, care- 
ful nursing and feeding and spinal punctures during the 


acute and careful attention during convalescence. 


stage, 
Individual symptoms should be treated symptomatically as 


they arise, 
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Fic. 1—(Case 2.) A patient with marked lethargy. 





Fic. 2—(Case 2.) Same patient as in Fig. 1, two months later, after Fic. 3—Same patient as Figs. 1 and 2, five 
disappe arance of lethargy. The mask-like facies was still present. months later. rhe tace was still mask-like 
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Fig. 4—(Case 6.) 146. Marked peri- 
vascular round-cell infiltration. Area was in 
the substantia nigra. 


4 


Ia 
tf 





Fic. 6—(Case 17.) Bilateral ptosis 
and mask-like facies In an Infant ol 
7 weeks. 


Fig. 5—(Case 6.) 480. Hight power of area of substantia 
nigra to show a collection of round cells near a small blood-vessel 








Fig. 7—(Case 19.) Unilateral ptosis—* ironed- 
out” face. 
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’ 
Fic. 8—(Case 29.) Facial expression after subsidence ol Fic. 9—(Case 34.) Left facial palsv in epidemic en 
choreilform movements. cephalitis. 
’ 
’ 
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Fic. 10—(Case 35.) Expressionless face. Fic. 11—(Case 35.) Same patient as in Fig. 10 
three months later. 
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As is now well known, Mellanby’ has reported the produc- KX PERIMENTS DESIGNED TO SHOW THE EFFECTS ON THI 
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of any substance supplying fat-soluble A, they soon cease to 
nerease in weight and then rapidly decline (Chart 1). After 
n interval which varies markedly, depending principally on 
the age of the animal but to some extent on individual resis- 
tance, they all develop xerophthalmia. In our extensive expe 
rience no animal has ever recovered from this condition unless 


ul 


pstance capable ol a ting as a source of fat-soluble A was 


dded to its diet. On the addition of such substance, @. @., 
butter fat or cod-liver oil, animals suffering from xerophthal- 
mia steadily improve and return to normal health. While 
recovery is taking place, growth is resumed. With this diet 
we have conducted scores of experiments; the general behavior 
of the animals placed upon it and the development of xeroph- 


thalmia have occurred with unvarying regularity as described. 


Diet or Lor 2806 


eee 10.0 
Ss asin aie a eae ale “- .....10.0 
I MEIOUNOE cc ioc caceens ewe nveewn — : me 
Caletian CagWOMite «oo. icicccccccssccn SE a 
TN. 54. hate aoe ker shanks ee eS th a ocaeaa aie 17.5 


100 gms. of this mixture contained 0.6414 gms. ot 
calcium and 0.1580 gms. of phosphorus. 

This diet contains protein of good quality and in suflicient 
amount to enable young rats to gSTow at a fairly rapid rate, 
provided the faults in the diet are corrected by suitable addi- 
tions. ‘The principal defect in this diet is a deficiency in fat- 
soluble A. 


possible, and severe xerophthalmia develops followed by death. 


Without the addition of this factor no growth is 


\ second defect in the diet sufficiently grave to interfere in a 
measure with growth is the lack of sufficient phosphate ion. 
While growth can take place on the formula tabulated above, 
supplemented with some substance acting as a source of fat- 
soluble A, it is not so satisfactory as when the sodium chloride 


ind calcium carbonate are replaced by a salt mixture co1 


taining not only these substances but suitable amounts of thi 
phosphate ion as well. 
Methods —A} 


ether After careful postmortem examination various bones and 


the animals in the experiments were killed with 


some of the soft tissues were saved for histological examination 

In preparing bones for microscopical examination we have usually 
used the method recommended by Pommer—decaleification in Miil- 
r’s fluid for periods ranging from two to fourteen days after prelimi- 
uy fixation in formalin. The bones were dehydrated, embedded in 
elloidin and the blocks cut into sections from 10 to 60 microns thick 
While we have used thionin and other dyes and have treated a large 
number of sections with silver nitrate after the method of Von Kossa 
no staining technique has proved to be so satisfactory as that in 
which a combination of Ehrlich’s hematoxylin with water solubk 
eosin is used. We have controlled the material which was partially 
decalcified in Miiller’s fluid by means of celloidin and frozen sections 
of undecalcified bones 

The Pathological Condition Produced in the Skeleton by the 
ldministration of Diets Defictent in their ¢ 


and Phosphorus—The diets described above (diets of lots 2667 and 


ontent of Fat-Soluble A 


2806) give rise to pathological pictures in the bone presenting a wide 
range of variation. At one extreme, the picture closely resembles that 
of rickets as that disease manifests itself in the human being, at the 
other extreme, osteoporosis. 

The autopsy findings in the rats whose condition most closely re- 
sembled rickets, were as follows: The animals were undernourished 





HOSPITAL BULLETIN 161 


and under-developed. Their coats were rough and uneven. Xeroph- 





thalmia was invariably resent The teeth were loose; the incisor 
teeth were easily fractured or extracted. In some animals spon- 
taneous fracture of one of the incisors had oecurred The cranial 
bones were soft The costochondral junctions were enlarged and the 
oval swellings formed were unusually long. In some rats there was 


moderate displacement inwards of the middle tier of costochondral 
junctions. In some animals few fractures of the ribs marked by 


callous formation but without deformity of the costal arch were 


present. The spleen was atrophic in some animals, in others more or 
less enlarged Phe thymus was itrophic. Phe re was little or no 
lat rhe long bones were straight ind were not factured The 
ends of the long bones were greatly enlarged. The femur and 


tibia were easily cut and gave little evidence of the presence ol 
calcium salts until the knife had entered well into the shaft. Gross 
examination of the cut surface revealed a broad zone of a pale tissue, 
2-4 mm. in width, lying between the epiphyseal cartilage and the 
shaft (the rachitie metaphysis) 

The epiphyseal cartilage in some animals was increased in width 
throughout the entire area of the section It was more common, 
however, to find it of a normal width or a width not greatly exceed- 
ing the normal except at the periphery of the bone. At the periphery 
prolongations of cartilage extended diaphysealwards well into the 
metaphysis. Higher magnification showed the matrix of the car- 
tilage to be unusually abundant in proportion to the numbers of cells 
present. The undifferentiated portion of epiphyseal cartilage was 
represented by a thin zone in which the cells appeared to be un- 
usually far apart. The proliferative zone contained columns of cells 
ggregated in bullet-shaped masses, the points of which were directed 
toward the undifferentiated cartilage. Each bullet-shaped mass was 
separated from its fellows by a broad band of matrix (Fig. 3). As the 


met iphy SIS Was approached, the cells of the proliferative zone, which 


were small and often flattened, with lense-shaped nuclei, grew large: 
nd assumed nearly spherical forn nd at the same time under- 
went a progressive loss of atlinitv for the basic dyes rhe nuclei 
became larger and the staining reaction pproached more nearly that 
4 the osteoid tissue in the etaphysis (Fig. 4) At the points of 
unction of the cartilage with the metaphysis the cartilage cells lost 
their columnar arrangement and became heaped together in dis- 


ierly masses There was no evidence of caletum deposition in 


the zone of proliferative cartilage corresponding to the zone of provi- 


sional ecaleification in the normal bone, or else the calcification was 
fragmentarv. The itilage was invaded t onsiderable extent 
bv blood vessels from the marrow cavity, but did not ppear to be 
greatly disorganized Che invading vessels for the most part wer 
slender and appeared to advance, in some instances at least long 
the strands ol matrix between the columns ot ells 

The metaphysis W is composed chiefly of osteoid trabecule but lso 


of blood vessels carrving with them marrow clements 


bands of cartilage cells of various thicknesses continuous with the 


epiphyse il cartilage nd of islands of cartilage cells The trabeculae 
were broad. Many of them contained central cores of uncalcified 
cartilage and in almost all of them single cartilage cells could be 
identified or small groups in various stages transition to st 

mdistinguishable from the cells of the osteoid itselt he trabeculae 


were separated rom each other by wide blood channels each of 


which was surrounded by small amount of delicate connective 
tissue and few arrow elements The osteoblasts covering the 
trabecule were flattened, spread out lke endothelial cells and had 
small nuclei The osteoid of the trabecule was for the most part 


laid down in the form of lamella, but the lamellar arrangement 
could not alwavs be made out The bone corpuscles varied in size 
but by far the majority were, to judge from their nuclei, small cells 
The large prolongations of the epiphyseal cartilage into the meta- 
physis seemed to retain for the greater part of their extent the 
normal staining reaction to hematoxylin (Fig. 4). The smaller pro- 
longations, those consisting of thin strands of cartilage cells, and the 
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terminal portions of the large prolongations just alluded to, seemed 
to lose their staining reaction almost entirely. The loss of the stain- 
ing reaction appeared to occur in the neighborhood of the blood 
vessels and apparently depended on the intimacy of contact between 
the cartilage cells and the vascular elements. It was most marked in 
the strands or groups of cartilage cells which had become incorporated 
in the interior of the osteoid trabeculae. As the cartilage cells came 
into close relationship with the marrow elements, they also appeared 
to undergo changes in their morphology. The cell bodies became 
smaller and took on a vesicular appearance. Around the cell body 
there developed a homogeneous material having the same staining 
reactions and outward appearance as the uncalcified material formed 
by the osteoblasts. In the osteoid trabecule# removed some distance 
from the epiphyseal cartilage, where the change taking place in the 
cartilage cells appeared to be far advanced, the cartilage cells were 
so reduced in size that they could be distinguished from the osteoblasts 
only by their oval cell capsule and the vesicular appearance of the 
cytoplasm, or could be differentiated with the greatest difficulty or 
In some osteoid trabecule cartilage cells could be found 
The cartilage cells em- 


not at all. 
in all stages of 
bedded in the osteoid trabeculae seemed to be stimulated to repro- 
ductive activity, for areas were seen where single cells had obviously 
(Fig. 5). Cell 

The cartilage 
underwent 


transition to osteoblasts.* 


given rise to from two to five daughter cells 


division was apparently accomplished by amitosis. 
islands in the metaphysis 
the changes just enumerated. The cartilage cells composing the 
larger islands, however, retained their ordinary staining reactions 
an abrupt change to osteoid took 


cells composing the small 


at the periphery where 
These large islands of cartilage ceils appeared to be insu- 
It is important to note that the 


except 
place. 
lated by thin rims of osteoid. 
tendency toward calcium deposition must have been very marked 
even in those animals that exhibited the pronounced changes of a 
rachitic nature just enumerated, for in the bones of the great majority 
of them linear deposits of lime salts were found which passed trans- 
versely across the metaphysis at right angles to the long axis of the 
bone. These deposits were sharply separated from the shaft of the 
bone, on the one hand, and from the proliferative zone of cartilage on 
the other. In some animals a single bone showed two or three of 
these evidences of abortive attempts at healing (Figs. 8 and 9). Such 
bones were striking in their resemblance to the bones of children 
showing the lesions of so-called “ healing rickets.” 

In the shaft of the bones of the animals showing extreme changes 
of the nature just described, the formation of osteoid tissue about 
the trabecule was markedly increased (Fig. 6). The small trabecule 
of calcified bone were completely surrounded by broad areas of osteoid 
and the periosteum was widely separated from the cortex by masses 
of osteoid tissue (Fig. 7). New bone formation in fibrous tissue was 
found occasionally beneath the periosteum in the region of the 
The osteoid tissue on the periosteal side of the cortex 
Here and there it was 

The evidences of re- 


metaphysis. 
was traversed by numerous blood vessels. 
possible to find evidences of bone resorption. 
sorptive activity in the metaphysis were very slight. 

In animals at the other extreme the abnormality was of the nature 
of an osteoporosis. The epiphyseal cartilages were perhaps slightly 
irregular, but. they were narrow. There was no evidence of abnormal 


persistence of the cartilage cells. Heavy continuous deposits of lime 





* The disappearance of the staining reaction of the cartilage cells 
and the morphological changes enumerated do not indicate a de- 
generative process. On the contrary, the existence of the cartilage 
cells appeared to be prolonged in a remarkable. manner. As the 
cartilage was invaded by the capillaries, its cells became embedded 
in osteoid through the activity of the osteoblasts. In this envelop- 
ment of osteoid they persisted and became indistinguishable from 
the cells of the osteoid investment. Our experience would lead us to 
believe that the cartilage cells may undergo metaplasia into the 


cells of the osteoid. 
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salts were present in the diaphyseal border of the cartilage, and this 
latter terminated abruptly in contact with the shaft. The marroy 
cavity was crowded with hematopoietic cells. The cortex was thin 
but completely calcified. In the medullary cavities of some bones 
a few very thin, completely calcified trabeculae were present, but in 
others the only bone to be found was the cortex of the shaft. In some 
of the rats showing these extreme osteoporotic changes the trabecul# 
were invested with fibrous tissue and around them were to be found 
The evidences 
No osteoid 


hasophile cells with single nuclei and large granules. 
ot resorptive activity in the trabeculae were well marked. 
Was present anywhere. The gross autopsy findings in these animals 
were in accord with the picture which the microscope revealed in the 
sections. There were no deformities of the skeleton of any sort, but 
the bones were abnormally slender, a finding especially noticeable in 
the ribs, because of the contrast between the thin shaft and the costal 
cartilages. The latter appeared to be of normal size or even larger 
than normal. The bones gave evidence of the presence of calcium 
sults when an attempt was made to cut them; they were brittle and 
fragile, although there were no fractures to be found. 

All stages of transition were found between the two extremes of the 
pathological process induced in the skeleton by the diets low in fat- 
soluble A and phosphorus, and by far the greater number of the ani- 
mals examined may be said to have exhibited pathological changes 
of a mixed nature. In all these animals of the intermediary group 
the pathological picture presented had a rachitic background. The 
deposition of the calcium salts in the cartilages was irregular, and 
areas were found in the proliferative zone in which lime salt deposits 
were not present. The cartilages in most of the rats were extremely 
irregular, and in a considerable number of animals there was per- 
sistence of the cartilage with the formation of a thick proliferative 
In this thick proliferative zone large defects were 
In some of 


zone (Fig. 10). 
noted due to invasion of the cartilage by blood vessels. 
the animals, although calcification of the cartilage had occurred, 
prolongation of the cartilage was pronounced. Other animals showed 
cartilage cells in calcified as well as uncalcified portions undergoing 
the changes already alluded to which have been probably wrongly 
regarded as signs of degeneration. In almost all the rats showing these 
mixed lesions there was a narrow metaphysis or a partial metaphysis, 
i.e., one extending part way across the bone. All the changes charac- 
teristic of rickets in the human being were present with the exception 
of the absence of calcium deposition in the proliferative cartilage. The 
number of trabecule in the shaft, however, was greatly reduced and, 
while even broad zones of osteoid were in evidence about the trabe- 
cule, there were many signs that the trabecule# were in process of 
resorption and were being removed from the medullary cavity (Fig. 
11). The gross changes in the skeleton consisted merely in varying 
degrees of enlargement of the costochondral junctions and the ends 


of the long bones of the extremities. 


EXPERIMENTS DESIGNED TO SHOW THE EFFECTS ON THE 
SKELETON OF Diets Low In THeEtrR CONTENT OF FAT- 
SoLuBLE A, Bur Having an ADEQUATE AMOUNT OF 


PHOSPHORUS 


Diets or Lors 3120 anp 2815 


NT ET ee Or eee em 40.0 
RSE ane ears ee rae ee Ree aan AR 10.0 
Eo ics a aaas aad nae a acer moe ON 3.7 
ee ey ee ee ee 46.2 


100 grams of this mixture contained 0.3150 gms. of cal- 
cium, and 0.5383 gms. of phosphorus. 





* Composition of salt mixture 185. 
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DEE accu cienke SOSH ERA KARA TR Renan sie eke eee 0.173 
I COD on a cia ntsscsaseacsan oe eG 0.266 
NaHePO. + HYD  ...ccccccccccccs Tsim mae ae eaacael 0.347 
ocr cc uate ene ch aON Ek bkex wk ae 0.954 
Ce HUD cw cnesaweeinccuneeeeennoeened 0.540 
UME oo aig tn Gai ick w, Slava esa a eee ee OE ee 0.118 

a ousabeied 1.300 


CN 3 conta di Raa ee ; 
Of this mixture 3.7 gms. were added to every 100 gms. 


of ration. 


This diet, as is easily seen, contains protein of fairly satis- 
factory amount and quality. The properties of the mixture 
differ from those of the diets of Lots 2806 and 2667 in that 
there is contained a salt mixture having among other things 
the sodium, chlorine, calcium and phosphate ions in satisfac- 
tory amounts. The diets of Lots 2806 and 2667, however, 
lacked the phosphate ion from among the necessary supple- 
ments for the inorganic moiety of this diet. When young rats 
are restricted to this diet they soon fail to increase in weight 
and then slowly decline. They invariably develop xerophthal- 
mia and die. This diet supplemented with some substance 
acting as a source of fat-soluble A induces growth and ap- 


parently fairly satisfactory nutrition over a considerable period. 


THE PATHOLOGICAL CONDITIONS PRODUCED IN THE SKELETON 
By ADMINISTRATION OF THE Drier DEFICIENT IN ITS 
CONTENT OF Fat-SoLuBLE A, BUT CONTAINING AN ADE- 
QUATE AMOUNT OF PHOSPHORUS 


The eleven rats fed on this diet were all small and exceedingly 
mal-nourished. The eyes showed the characteristic xerophthalmia. 
The incisor teeth were fragile, loose in their sockets, and in some 
animals fractured. On removal of the skin there was a notable ab- 
sence of fat. The thorax externally showed no deformity. On open- 
ing the thorax the arch of the ribs and cartilages was normal and 
there was no deformity or enlargement of the costo-chondral junc- 
tions. The shafts of the ribs appeared extremely thin, and the costal 
cartilages large as compared with them. No fractures of the ribs 
were present. The vertebral column was not bent. Both thymus 
ind spleen were atrophic. The fore and hind legs were slender, but 
presented no deformities, fractures, or enlargements of the ends of 
the long bones. On section of the femur and tibia the resistance was 
greatly diminished, but the bones grated under the knife as the 
latter entered the shaft. On examination of the cut surface the cortex 
was found to be exceedingly thin. The marrow cavity extended clos 
to or actually to the cartilage. There was either no sub-chondral 
zone of spongiosa, or an exceedingly thin one. The epiphyseal car- 
tilage separating the large nucleus of ossification from the shaft ap- 
peared as a narrow band, the width of which was everywhere equal. 
By means of the binocular microscope there could be detected a con- 
tinuous thin line of calcium deposit along the diaphyseal border of 
the cartilage. 

On microscopic examination the results of gross examination were 
corroborated. The band of epiphyseal cartilage was found to be 
exceedingly narrow, and the columns of cartilage cells correspondingly 
short. Calcification of the proliferative zone lying in contact with 
the marrow cavity was complete. The character of the calcification 
corresponded closely to that found in the bones of animals whose 
growth is approaching completion, that is, each cell was completely 
enveloped by calcium deposit. The diaphyseal portion of the bone 
also had in some respects the appearance which characterizes the 
bones of animals whose growth has almost ceased, that is, there were 
few trabecule immediately adjacent to the cartilage; in some of the 
animals there were none (Fig. 12). When trabecul# were present they 
were most numerous at the periphery, filling in the angles between 
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the epiphyseal cartilage and the cortex. In the central portion of the 
bone in all the rats the marrow cavity was in immediate contact 
with the epiphyseal cartilage. The trabeculae themselves were thin. 
In most of the rats they showed no osteoid borders anywhere. In 
some animals, however, the trabecule here and there were partially 
covered with borders of osteoid, some of which slightly exceeded the 
normal in thickness. The cortex was thin, completely calcified, and 
solid, 7. e., it did not contain spongy tissue. In the bones of the 
majority of the animals the signs of resorption were well marked. 
The trabecule were invested with layers of fibrous tissue, and in the 
periphery of the trabecule were countless numbers of rather large 
mononuclear cells conspicuous for the presence of basophilic granula- 
tions. These cells were thought to be connected with the resorptive 
process. In many trabecul# holes and cavities could be found in 
which osteoblasts could be identified lying free, and in other places 
osteoblasts could be seen lying half in the calcified part of the trabe- 
cule and half in the osteoid border. Where osteoid borders were 
present, they appeared in the preparations stained with hemotoxylin- 
eosin to be exceedingly pale, almost translucent, and the cell bodies of 
the osteoblasts in them, apparently strongly basophilic, were clearly 
defined in contrast. The osteoblasts themselves were large and in the 
trabecule appeared unusually close together. The nuclei were large 
and in those cells lving in the osteoid (where the cell bodies could 
be studied) were eccentrically placed in the cell body. The cell body 
was not round but irregularly oval. Near the nucleus at about the 
center of the cell was a large, round area of vacuolization about the 
size of the nucleus. It was by means of this area of vacuolization 
that the osteoblasts lying free in the holes in the trabecule or along 
the sides could be identified with such certainty. Many of the 
trabecule were covered with large numbers of osteoblasts. We are 
inclined to believe that the osteoid borders were caused not by growth 
but by removal of the lime salts, 7. ¢., halisteresis. The marrow, with 
the exceptions already noted, was normal. The basophilic cells which 
surrounded the trabeculae were in no instance found in the marrow 


cavity. 
DISCUSSION 


The first two diets used in these experiments (diets of lots 
2667 and 2806) characterized by a deficiency in fat-soluble 
A and phosphorus, produced, as anticipated, xerophthalmia 
and changes in the skeleton. The xerophthalmia, as nearly as 
we could judge from gross inspection of the eyes, did not vary 
except in degree. The changes in the skeleton, however, 
exhibited a wide range of variation. In the animals at one 
extreme (in 13 rats) the ends of the long bones were charac 
teristically large. The zone of proliferative cartilage in places 
was greatly broadened and continued in long processes toward 
the shaft. The cartilage cells in these processes and those 
elsewhere in contact with the marrow elements of the meta- 
physis exhibited the characteristic morphological changes and 
loss of staining properties so commonly seen in the rickets of 
human beings. The metaphysis itself was broad and com- 
posed, in addition to the vascular elements, almost entirely of 
osteoid trabeculae. Calcification of the zone of the prolifera- 
tive cartilage, corresponding to the provisional zone in the nor- 
mal bone, was either entirely absent or very deficient. In 
almost all instances, however, there were broken linear de- 
posits of calcium in the metaphysis, extending across it at 
right angles to the long axis of the bone. The pathological 
condition in these animals, showing the more extreme changes, 
exhibited all the fundamental characteristics of rickets, as 
it manifests itself in human beings, and may be said to have 
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horne a strong resemblance to a certain form of rickets occur- 
ring in the human being, characterized pathologically by 


linear zones of lime salt deposition in the metaphysis, indicat- 
ne alternate healing and exacerbation. 

In the animals at the other extreme (in { rats) the patho- 
ogical condition corresponded to what is ordinarily included 
inder the term osteoporosis. ‘Che epiphyseal cartilage was 
reduced to a narrow band. The transition between cartilage 


Calcification of the cartilage was 


ind shaft was abrupt. 


regular and complete. ‘The few thin trabecule were free from 
osteoid,.and resorptive phenomena were abundantly in evi- 


lence. The pathological condition of the bones exhibited by 


the rats at this extreme of the series showed no evidences of 
rickets whatsoever, but on the contrary complete calcification 


of all elements both cartilage and trabecule. 
lhe majority of the animals on these two faulty diets (27 
rats), however, showed pathological conditions in the skele- 


ton intermediary between the two extremes just briefly out- 


The 


order present In growing voung animals, but 


, 4 } 4 } 
lined, trabecule were bordered with osteoid, not the thin 


broad zones 
’ “able ] > cpa he lye ed r f thildre : 
omparable to those seen in the advanced rickets of children o1 
even exceeding them in thickness. In all there was irreeu- 
ind defects 


the eniphvseal cart lage 


larity and broadening ot 


n its calcification, in some instances most extensive, in others 


small. Some animals showed short metaphyses or partial 


metaphyses, in which were columns or masses of cartilage in 
in unealeified or in an incompletely calcified state, displaying 
the morphological changes and alterations in staming rea 


The number of the trabeculze 


tions previously enumerated. 
vere few, and in the trabeculae, in particular those close to the 
artilage, there were present abundant evidences of resorptive 


tivity. The pathological conditions displaved in the bones 


if the rats showing these intermediary changes bore a marked 
resemblance to the not very advanced rachitis of human beings, 
when the healing process has been well established or has 


rrogressed far toward completion. An anomalous condition 
was present characterized by abundant calcium deposits in the 
artilage on the one hand, and borders of the trabeculae still 
incaleified on the other, a well recognized and characteristic 


ntermediary stage in the healing of the rachitis in human 
OTIS, 

it is not possible to explain why all the rats fed the diets 
deficient in fat-soluble A and phosphorus failed to develop 
exactly the same changes in the bone. It is possible that the 
diets in question were not absolutely constant in their com- 
position, Not as revards a detic reney 1 fat-soluble A—for all 
the rats without exception developed xerophthalmia—but as 
regards some other substance. The stock supplies of flaxseed 
meal and rolled oats were replenished during the course of 
the experiments several times, and may have been derived 
from different sources.* A reason for suspecting that varia- 


tions in the composition of the diets may have had some in- 


* The content of the diets in calcium and phosphorus was calculated 
from the average composition of rolled oats and flaxseed meal 
as compiled by Forbes, Sherman and others, and from the composi- 


tion of the salt mixtures employed. 
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fluence is that the animals which most consistently developed 
the marked rickets-like changes were the first animals of the 
series (those of the experiments completed before May 19, 


} 


1920), \nother explanation, however, must be considered. 


As already pointed out, there were noted in all the animals, 
even in those showing the most marked rachitic-like changes, 


evidences of a strong tendency toward healing, manifesting 


itself in the deposition of calcium salts in the cartilage. In a 


large 


proportion of the animals the healing process, as Mmea- 


sured by the extent of calcium deposition in the cartilage, 


appeared to be far advanced. If the composition of the diets 


was essentially constant, it is necessary to suppose that the 


abnormal conditions in the body induced by them, under 


which lime salts could not be taken up by the cartilage and 


the bone, were not very far removed from other conditions 


} 


more nearly approaching the normal under which lime salts 


» bv the cartilage and the bone, and that the 


could be taken u 


former state could be transformed into the latter by slight 


changes in the animals’ metabolism. 


In other words, the par- 
ticular abnormal equilibrium of the forces concerned with calei- 
lication and ossification produced by the faulty diets was un- 
With the rapid decline 


occurring during the latter part of the experiments and the cor- 


stable. n the nutrition of the animals 


responding loss in weight, a complete cessation, or at least a 


gvreat retardation in the rate of growth of the skeleton must 


have Oc’ urred. There must have come about, therefore, a di- 


those substances essential to ossifi- 


minished requiremen? for 


cation and calcification, which were insufficiently supplied in 


the diets. Moreover, it seems probable that a supply of those 
substances may have been liberated from the tissues of the ani- 
mals themselves, for example, as the result of the resorptive pro- 
cesses In operation in the bones. From a theoretical standpoint, 
therefore, it seems possible to think that the processes in opera- 
tion in the animal leading to the development of the state of 
extreme malnutrition may have been instrumental in restoring 
to the organism conditions under which calcium deposition in 


the SIX¢ leton wvalh becabe vossible, For the development ot 


rickets erowth IS hecessary. if the deficiencies in the diet are 
of such a nature as to render erowth of the skeleton impossible, 
rickets cannot develop. If growth were brought to an end in an 
animal already rendered rachitic through the administration of 
faulty diets, there is reason to expect that the rachitie lesion 
would disappear and a condition of osteoporosis develop. What- 
} 


ever may have been the cause of the development of pathologi- 


cal changes in the skeleton, from the morphological standpoint, 


apparently so far removed from each other, there can be m 
doubt that the Osteoporosis exhibited by some of the animals 
of the series was closely related to the healing process in evi- 
dence in the others, and represented merely the healing process 
in its completed state. 

The pathological condition produced in the rat by the diet 
low in fat-soluble A but containing a complete salt mixture 
(the diet of Lots 3120 and 2185) were absolutely constant and 
offered no difficulties of interpretation. In the entire series of 
eleven animals on this diet the band of proliferative cartilage 


was narrow, the junction between cartilage and shaft abrupt 
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and even, the calcification of the cartilage heavy and every- 
where ( omplete, the trabecule thin: osteoid was not present at 
all. or was not in greater amount than could be accounted for 
y the resorptive processes, obviously in operation. The patho- 


deficient 


ondition induced in the group of rats fed this diet, 
; 


fat-soluble A, but containing the adequate amount « 
nhosphorus, therefore bore no resemblance whatsoever to 
ets. It showed the typical picture of osteoporosis. 

‘he experiments recorded leave no doubt that the two diets 


the known deficiencies in fat-soluble A and phosphate 


avi l 

may produce in the bone of the rat changes having fundamental 
resemblance to the pathological changes in the bone which 
haracterize rickets in the human being. At the same time 
hey indicate that the addition of a salt mixture relatively 


ts content of the phosphate ton ompletely prevents 


e development 1n the bone of the rat ot changes resembling 
influence 


ckets, though it fails to exercise any preventive 


on the development of the xerophthalmia. It seems possible 


to infer from our experiments, therefore, that the develop- 


ment of rachitie-like changes in the rat induced by diets 


deficient in fat-soluble A and the phosphate ion can be pre- 
ented by the addition to the diet of phosphate-containing 
salts; and that conversely, for rachitic changes to develop in 
the presence of a deficiency of fat-soluble A in the diet, the 
diet in other respects being optimal, a low content of the phos- 
phate ion is essential. The experiments indicate further that 


1 


production of rickets-like conditions in the rat, fat 


soluble A cannot be the sole factor concerned. Since the 


variable in the diets used in these experiments was certain 
phosphate-containing salts, it might seem possible to infer that 
t is necessary to consider only the inorganic content of the diet 
as active, and that a fat-soluble organic factor might be ex- 
cluded from consideration. Even if it were granted that the 
nduction of the rickets-like changes in the bone results from 
i disturbance in the level of the body's phosphate, it does not 
hy any means follow that the inorganic ions are the only fac- 
tors involved. 


Recent experiments in feeding cod-liver oil, 


which is known to be high in fat-soluble A but free from phos- 


] 


phate, to rats already rendered rachitic by ‘means of the diet, 


lave proven that an organic substance (cod-liver oil) may 


xert a powerful influence in causing lime salts to be deposited 


n the cartilage. Studies on the effects of fe ding cod-liver oil 
to rachitic children have led to similar conclusions.’ Moreover, 
Howland and Kramer * have shown that the blood phosphate 
s low in the blood plasma of rachitic children, and that the 
administration of cod-liver oil causes a marked rise. It seems 
not unlikely that a similar result may be accomplished in rats 


by feeding a diet high in phosphate, and from present knowl- 


dge it seems reasonable to suppose that, while the calcification 
of the bones of children and animals fed diets high in their con- 


1e elevation of the 


tent of phosphate may be dependent on t 
phosphate level in the blood, the phosphate curve may also be 
affected by the amount of the organic factor available for the 


body needs. 


* Personal communication. 
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Finally, our experiments show beyond doubt that the addi 
tion of certain phosphorus-containing salts to the diet low in 
fat-soluble A in no wise prevents the development of xero 
»phthalmia and indicates, as clinical observation has made it 
necessary to infer, that xerophthalmia and rickets cannot 


possibly have an identical etiology. 


CONCLUSIONS 


1. The two diets which were low in their content of fat 


soluble A 


and phosphorus (diets of lots 2667 and 2806) pro 


uced in the young rats placed upon them 


majority of the 
athological conditions of the skeleton having a fundamental 
semblance to rickets. The pathological conditions produ 

ire not identical, however, with that disease as it usually mani 


fests itself in the human being. 


”. The chief difference consisted in the presence ot scattered 


or irregular deposits of calcium salts in the cartilage and 


metaphysis. The pictures bore a marked resemblance to thos 


seen In rachitic childrer whose bones incomplete healing 


has taken place. 

3. When the deficiency in phosphorus is compensated for by 
1e addition of a complete salt mixture containing the phos 
hate ion (diet of Lots 3120 and 2815), the deficiency in fat 

soluble A still existing, no pathological changes of a rachit 
nature developed. The addition of the phosphate ion to th 
diets deficient in it and in the organie factor prevented, ther 
fore, the development of any changes of a rickets-like natur 
!, The experiments reported are not sulliciently numerous 
or comprehensive to permit of generalizations concerning the 
effects of a deficiencies of the fat-soluble A and phosphorus o1 
of the fat-soluble A alone. The implication of the experiments 


is, however, plain. 


(a) The phosphate ion in the diet may be a determiming 


intluence for or against the development of rickets. 


(b) If the phosphate content of the diet is sulliciently high 
a deficiency of fat-soluble A cannot cause rickets-like changes 
in the skeleton. 

(c) A deficieney in fat-soluble A cannot be the sole cause ot} 
rickets. Conversely, it is necessary that the diet be low in its 
content of phosphorus, all other factors, except fat-soluble A, 
being optimal for rickets-like conditions to develop. 

5. Since the addition of the phosphate ion to the diet pre 
vented the development of the rickets-like changes in the 
skeleton, but had no effect in preventing xerophthalmia, it 
seems permissible to infer that xerophthalmia and rickets do 
not have un identical etiology. 

6. The above results do not in our opinion exclude the fat 
soluble A from consideration as an etiological factor in the 
production of rickets and kindred diseases, since the level of 
the blood phosphate is, in all probability, determined in part 


by the amount of the fat-soluble A available for the needs o| 


the organism. 
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DESCRIPTION OF PLATES 

Fic. 1—Microphotograph showing advanced rickets-like changes in 
the lower end of the left femur. The picture shows the relative posi- 
tions of the epiphyseal nucleus (e. n.), cartilage (c), the metaphysis 
(Met.) and the diaphysis (d) of the bone. The epiphyseal cartilage 
is persistent at the periphery of the bone. 

Fic. 2—Microphotograph of the !ower end of the left femur show- 
ing marked rickets-like condition. 

Fic. 3—High power photograph of the epiphyseal cartilage— 
extreme rickets-like lesion showing the arrangement of the cartilage 
cells in the matrix. 

Fic. 4—Microphotograph of the epiphyseal cartilage from a rat 
showing a marked rickets-like condition, to show persistence of the 
cartilage cells and the degenerative changes in them. 

Fig. 5.—This picture shows the cell division in cartilage cells which 
are in contact with tissues of the metaphysis. The ceil capsule (c) 
contains four daughter cells which have arisen by the division of 
the cartilage corpuscle which originally occupied the capsule. 

Fic. 6—Trabecule in the medullary cavity of a rickets-like bone. 
The small spicule (0) which has undergone calcification is surrounded 


by a broad zone of osteoid tissue (0. s.). 
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Fic. 7—This picture shows the sub-periosteal hyperplasia of the 
osteoid tissue—the so-called rachitic periostitis. 

Fic. 8—An abortive attempt at healing an extreme rickets-like 
lesion is recorded in the metaphysis of the affected bone by the linear 
deposit (1.) of calcium salt. 

Fic. 9—Microphotograph of a bone in which the metaphysis 
showed traces of three periods of calcium deposition, which are in all 
cases incomplete or have been partially absorbed. 

Fic. 10—This picture from a section of a bone which was in the 
transitional stage between the rickets-like condition and osteoporosis 
shows irregularity and prolongation of the epiphyseal cartilage, and 
its irregular calcification (cal). Broad zones of osteoid tissue (os) 
still persist about the trabeculz. 

Fic. 11—The trabecule shown in this figure are further along in 
the process of absorption than those shown in Fig. 10. Calcification 
of the cartilage is incomplete in this bone. Osteoid tissue (os) is 
still present in the diaphysis. 

Fic. 12.—Microphotograph showing the cartilage and part of the 
medullary canal of a bone from a rat maintained on a diet which 
included a complete salt mixture (185) high in phosphorus. This 
bone was extremely osteoporotic. The proliferative zone of cartilage 
(pz) is narrow and was completely and heavily calcified, as was the 
cortex. There were no trabecule in the medullary cavity, and no 
traces of osteoid tissue to be found in the diaphysis. 


GIARDIA (LAMBLIA) INTESTINALIS 
A COMMON PROTOZOAN PARASITE OF CHILDREN 


By KENNETH F. Maxcy 


From the Department of Medical Zoology of the School of Hygiene and Public Health, The Johns Hopkins University) 


Studies of the protozoa found in the intestine of man re- 
ceived a great impetus during the war, due chiefly to the 
return of large numbers of soldiers from the war area suffer- 
ing from chronic diarrhceas and dysenteries of various sorts. 
In investigating the underlying cause of these conditions, a 
surprisingly high percentage of infestations not only with 
Entameeba histolytica but also with supposedly non-patho- 
genic protozoa was disclosed. This led to the examination of 
non-dysenteric soldiers, of soldiers who had not been outside 
the country and, finally, of the civilian population in the 
community at large, with the result that approximately these 
same percentages were found to hold for all four groups. 
Pooling the results of all the recent surveys in England, 
France and the United States, Hegner and Payne”* find the 
percentages of infestations with the three commonest intestinal 


1 


protozoa to be as follows: Entameeba coli 20 per cent, Giardia 
(Lamblia) intestinalis 12 per cent, and Entameeba histolytica 
% per cent. This work has thrown an entirely different light 
upon the problem of amcebic dysentery and upon the so-called 
* flagellate ” dysenteries and diarrhceas, of which occasional 
mention is found in medical literature. It also suggests a 
reconsideration of the protozoa as intestinal parasites widely 


distributed in man. 


Scientific Monthly, 1921, X-XI, 


* Hegner, R. W., and Payne, G. C. 
47-52. 





The frequency of Giardia is particularly striking inasmuch. 
as this parasite of man has received little attention in the 
United States. Although Lamb] first described it in 1859, we 
are really indebted to Grassi for most of our early knowledge 
In the early eighties of the last 
century, he made a careful study of it and demonstrated its 


concerning the organism. 


habitat to be the upper intestine, where it might be found in 
huge numbers perched upon the lining epithelium, to which it 
adhered by means of a sort of sucking disc. He observed a 
number of individuals who harbored the parasite and thought 
that in certain instances it was the cause of diarrhoea, 

A little later, 1892, Moritz and H6lzl* published a lengthy 
paper on the infestation of man with Giardia, reporting obser- 
vations on six patients with diarrhoea and upon finding the 
organism in the duodenum of ten patients dead of tuberculosis. 
They noted the frequency with which the parasite occurred in 
children. 

Since these early studies, there have appeared in medical 
literature a large number of reports of the finding of Giardia 
in the stools of patients, with or without an accompanying 
diarrhea. In the United States attention was first called to it 
by Stiles “ in 1902, reporting the case of a patient of Dr. Hem- 
meter of Baltimore, a three-year-old white child with recurring 








* Moritz and H6lzl: Miinch. med. Wehnschr., 1892, XX XIX, 831. 
Stiles, C. W.: Washington Medical Annals, 1902, I, 64. 
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attacks of diarrhoea whose stool contained large numbers of 
the motile organism. In 1910 Allen * reported a similar con- 
dition in a five-year-old colored girl. Two years later, in an 
article by Dubois and Toro,’ we find an account of four chil- 
dren infested with Giardia. 

Emerson,’ in his text-book, mentions a case discovered in the 
wards of The Johns Hopkins Hospital. In the Public Health 
Service Reports of 1911, Stiles‘ makes the statement that 
Giardia is by no means rare in the United States and says 
that he encountered it in a number of instances in the course 
of fecal examinations for parasitic worms in North Carolina. 
Among 6000 admissions to the Mayo clinic, Giardia was found 
in 66 or a trifle over 1 per cent, whereas among 1000 admis- 
sions to Augustana Hospital in Chicago it was recorded in only 
five instances, or 0.5 per cent.’ Finally, in a very careful 
study of 1500 soldiers of the United States Army, 300 of whom 
had not been overseas, for intestinal parasites, Kofoid, Korn- 
hauser and Plate” report 6 per cent infested with Giardia. 

It will be noted that many authors have regarded this 
organism as pathogenic—that is, as a cause of diarrhcea. 
This conclusion is usually based upon the presence in the diar- 
rheeic passages of a large number of motile Giardias which 
apparently disappear with improvement in the clinical condi- 
tion. In one or two instances examination of tissues removed 
at operation or after death has seemed to support the conten- 
tion. In areas where the surface epithelium had been denuded, 
these protozoa seemed to have penetrated into the wall of the 
intestine. On the other hand, many have denied it any patho- 
genic role whatsoever, contending that it was present in dis- 
easel conditions of the intestine, not as the primary pathogen, 
but as a secondary invader, that it deserved no more consid- 
eration than is given to Entameeba coli, for instance. 

Clinical-pathological studies so far published have, then, 
failed to solve the problem, and attempts have been made to 
attack it from the experimental side. The method has con- 
sisted mainly in inoculating rabbits,” guinea-pigs,” and 
with Giardias obtained from man. This method is 
complicated by the fact that these rodents are in nature in- 
fested with their own species of Giardia: Giardia cuniculi in 
the rabbit, Giardia muris in culture mice and culture rats, and 
(Hiardia microti in the meadow mouse, etc. These species are 
more or less similar in appearance to that found in man and 
can be distinguished only after careful morphological and bio- 
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rats,” 
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metrical study, and observations on the original habitat. If 
rodents are to be used in inoculation experiments, natural in- 
festation must be carefully excluded (a feat very difficult of 
accomplishment), and the origin and classification of the 
strain of Giardia used in the experiment must have been care- 
fully determined. These and other considerations render pre- 
vious experimental work on the pathogenicity of Giardia in- 
conclusive. For similar reasons, the statements which have 
crept into the literature regarding rodents as a reservoir of 
infection for man have not been firmly established. 

To recapitulate, it may be said that previous work has 
demonstrated that Giardia intestinalis is a widely distributed 
intestinal parasite of man whose power to harm its host has 
been strongly suspected but is as yet unproved. Assuming 
that it is capable of harm, then this should be most apparent 
at the age when the intestinal tract is most sensitive to dis- 
turbing influences of all kinds,—namely, in childhood. The 
literature lends some support to this hypothesis in so far as 
many of the cases of so-called “ Lamblia enteritis ” which have 
been reported have been in children. The problem formulated 
is, whether Giardia intestinalis is simply a harmless com- 
mensal in children or whether it is capable of causing intes- 
tinal disturbance. 

As a contribution to the solution of this problem the present 
study was undertaken to determine the frequency of this para- 
site in the intestinal tract of apparently normal children in 
the United States. It is obvious that this information is 
necessary before its presence in those with abnormal intestinal 
conditions can be properly evaluated. 


METHODS AND MATERIAL 

Protozoa are apt to be missed in the ordinary clinical lab- 
oratory examination of feces. Specimens are rarely examined 
immediately after passage, although it is known that the ac- 
tively motile protozoa die and undergo lysis a few hours after 
they have left the body of the host. Again, the microscopic 
examination of feces is often carried out with the low power 
objective which gives a sufficiently high magnification for the 
detection of helminth ova; but the detection of the encysted 
forms of the protozoa require more careful examination, often 
of several preparations, and with the use of the higher magni- 
fications. 

In pursuing the present study, attention was directed toward 
demonstrating only the encysted Giardia, and incidentally the 
other common intestinal protozoa which show encysted forms ; 
viz., Entamoeba coli, Entameeba histolytica, Endolimax nana, 
Chilomastix (Tetramitus) mesnili, Coccidia and Blastocystis. 

The specimens were obtained for the most part without the 
previous administration of a cathartic, and were usually 
formed stools. Two “wet smear” preparations were made 
from each specimen, distilled water being used. Material for 
the one was scraped from the exterior of the stool, any clumps 
of mucus visible being included; material for the second was 
taken from the interior. A drop of one per cent water soluble 
eosin was added to the preparation. The field takes a pink 
stain ; the viable cysts remained unstained and stand out rather 
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sharply as clearly defined, pale green, refractive ovals against 
the pink background. Whenever cysts were found to be pres- 
ent, another preparation was made and stained with iodine 
iodine 1 part, potassium iodide 2 parts, distilled water 100 
parts). This solution differentiates the structures a little 
more clearly and brings out the iodophilic inclusions. 

\bout 


reparation before it was discarded as negative. An 


15 minutes were spent in searching through each 
1S mm. 
cover-slip was used, and the field was traversed eight times in 
The “high 


* objective (4 mm.) with a No, 10 B. & L. eye piece gave 


each direction, guided by a mechanical stage. 

dry 

an approximate magnification of 450 

When possible each patient was examined on two occasions, 

\ctually the number of 
According to Dobell.” 


and others, this technique would 


at intervals of two or more days. 


examinations averaged two per case. 


Wenyon and O’Connor“ 


about two-thirds of the actually existing infestations 


reveal 


with intestinal protozoa. This figure probably indicates the 


percentage of Giardia infestations detected in the present 


study. 

The children examined were miscellaneous medical admis- 
sions to the clinie of Dr. John Howland, Harriet Lane Home, 
Johns Hopkins Hospital. Excepting a small group of * feed- 


these children were admitted because of acute 


ing cases,” 
infectious disease, and were free from gastro-intestinal distur- 
bance. They were fairly representative of the child population 
of Baltimore with the exception that the negro race was not 


proportionately represented (only 6 in the 89 were colored). 


RESULTS 
Of the total of 89 children examined, 18, or 20 per cent, 
were found to be harboring intestinal protozoa of some type. 
lt is noteworthy that in a group of 15 “ feeding cases ” under 


one year of age no infestations were found. The voungest 
months of age whose stools 


the 


case was a little girl 17 


positive 


showed large numbers of Entamceba coli cysts. From 
second year on there was an increasing number of positive 
cases with advancing age, so that the group of children from 
6 to 12 years old showed a decided]y higher percentage of in- 
festations than the children between one and five. 

The relative frequency of the protozoa encountered in this 


series and the instances of multiple infestations are shown. 


Giardia intestinalis (alone) ....10 cases 
Giardia and Entameeba coli l 
Giardia and Blastocystis wad : 2 
Giardia, Hymenolepis nana and Oxvuris vermicularis l 
AI ND OMI i oo win wie a hioiws ek mew awianiaieleemalace 4 

18 


The most interesting fact brought out by this study was 
the large number of children who harbor Giardia intestinalis. 


* Medical Research Committee, National Health Insurance, London. 
1918, Special Report Series Nos. 7 and 15; 1921, No. 59. 
O'Connor, J.: Royal Army Med. Corps, 1917, 


* Wenyon and 
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If the infants under one year are excluded, then of the remain- 
In other 


ing 74 children, 14 were infested with this parasite. 
words one out of every five of the children over one year of 
age examined harbored Giardia. The raw data indicating the 


sex and age distribution of these children are given in the 


accompanying table. The group is in itself too small to admit 
TABLE 1.—AGE AND SEX DISTRIBUTION OF CHILDREN 
FOUND TO BE INFESTED WITH GIARDIA (LAMBLIA) 
INTESTINALIS 


Males Females Total 
oo rt a 
Age 
Non-infested Infested Non-infested Infested Non-intfested| Infested 

53 6 3 8 75 l4 
o... 3 12 0 3 0 15 0 
l— 2 10 0 t 1 14 ] 
2 | 6 l ° 0 ll l 
3— 9 0 2 l 11 l 
f— 5 ) 2 i 2 6 } 4 
§—— § 2 0 3 l 5 l 
Gé— 7 2 0 l l 3 l 
7— 8 0 2 l l 1 3 
s— 9 l 0 0 l 1 ] 
9—10 ] 0 l 0 2 0 
10—11 l 0 0 0 l 0 
ll—12 ] 1 2 0 3 l 
19.13 > 0 0 0 2 0 


of conclusive analysis, but may prove of value in connection 
with other reports of a similar character in the literature. 

The youngest instance of Giardia infestation was in a little 
virl 22 months old. In the group of one to five years of age, 
1? per cent showed Giardia, and from 6 to 12 almost 40 pet 
cent were positive. 

The history of each one of these positive cases was obtained. 
None had suffered from chronic diarrhea so far as could be 
learned. One gave a history of a rather severe diarrhoea in 
the preceding summer, but such a history might be expected 
in at least one of a group of this size, and no conclusions as 
to its etiology could be drawn. ‘Three of the children showed 
a tendency toward increased frequency of defecation—three 
or four times daily. This may be a significant observation, as 
it is what one might expect from duodenal irritation. 

Case 38, a child five years old, had on admission a diar- 
rhea. The passages were dark brown in color and contained 
a large amount of yellowish mucus in which were entangled 
myriads of motile Giardia. The condition, however, cleared 
quickly and after two or three days only the encysted forms 
could be found in the soft, semi-formed stools, which, however, 
still contained some mucus at times. No history of repeated 
attacks of diarrhoea was obtainable in this individual. 

The intermittency with which Giardia cysts are discharged 
was particularly well illustrated by two of the series. In case 
19, examinations on January 27, 29 and 31 were negative; 
on February 3 and 5 large numbers of Giardia were found. 
No 
On 


In Case 37, the examination on February 24 was positive. 
cysts were found on February 27, 29 and March 4. 
March 6 large numbers of cysts were again found and were 
still present at the last examination on March 11. 
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DISCUSSION 
his intermittency emphasizes the necessity of repeated 
examinations for the establishment of a negative result, in 
order to judge of the heaviness of the infestation or the per- 
manency of a cure. This has been pointed out by many ob- 


servers. An attempt has been made to show that Giardia 


woes a regular cycle of cyst production. Porter“ made 


y examinations of a group of soldiers infested with Giardia 


ai 
and estimated the number of cysts passed in 24 hours. The 
number varied within wide limits, being practically nil on 
some days and more than 300,000 on other days. She esti- 
mated the interval between successive maxima and minima 
it about 14 days. Boeck,” working with the Giardia microti 
of the meadow mouse, found a similar phenomenon but fixed 
the interval at seven days. Dobell,” on the other hand, finds 
absolute irregularity in the passage of cysts, suggesting that 
there may be prolonged periods of complete quiescence during 
which no eysts can be found. 

At all events, it is plainly evident that a single examination 
or two examinations reveals only a part of those actually para- 
sitized. In the series here reported, while Giardia was actually 
found in one out of every five children examined, a conserva- 
tive estimate would place those actually infested at close to 
one in four, 

Results of British investigations ” indicate a similar high 
degree of incidence of Giardia in the intestinal tract of chil- 
lren in that country. Matthews and Smith examined 548 
children in the Liverpool Royal Infirmary, and, based upon a 
single examination per case, found 14 per cent infested with 
this protozoon. A. H. Campbell found 16 per cent positive 
na group of 49 children under 12 years of age in the Chil- 
dren’s Hospital, St. Michael’s Hill, Bristol. 

Muriel M. Nutt examined 128 children in Leeds, England. 
Among a group of children living in an institution (Work- 
house), 48.8 per cent were found to harbor Giardia as com- 
pared with 23.9 per cent of the children in the Leeds General 
Infirmary. The higher incidence among inmates of an insti- 
tution is a significant fact. In the Sheffield Royal Hospital, 
this same observer found 15.8 per cent of 57 children exam- 
ned positive for Giardia. 

Most of these figures are based upon a single examination 
per case. It seems to be clearly established that in Eng- 
land Giardia is a very common intestinal protozoon in chil- 
dren. Our own studies indicate that the same thing is true 
in the United States. 

How soon the infestation is acquired is a question of con- 
siderable interest and importance. It has been noted that no 
cases were found among the 15 infants under one year of age 
examined. Matthews and Smith found none among the 50 


nfants which were examined by them. On the other hand, 


‘Porter, Annie: Lancet, London, 1916, I, 1166-69. 
“Boeck, Wm. C.: Univ. of Cal. Pub., Berkeley, 1919, XIX, 85. 
’Dobell, Clifford: Lancet, London, 1916, II, 1053. 


* Medical Research Council, London, 1921, Special Report Series, 


No 59. 
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Miss Nutt found no less than 6 of the 25 children under 12 
months of age examined by her to be harboring Giardia. The 
ages were respectively: one at three weeks, one at three 
months, one at nine months, one at eleven months and two at 
twelve months. That an infant three weeks old may become 
infested with Giardia is a startling fact, and indicates how 
soon the food of children in filthy surroundings becomes con- 
taminated with human fecal material. However, this must 
certainly be an exceptional case, and infestation during the 
first year of life is a comparatively rare event. 

Sufficient figures are not yet at hand to determine at what 
vear of childhood the maximal incidence is found, but it ‘is 
not unlikely that it is before the fifth year as is the case with 
Oxyuris vermicularis. .Indeed, these two parasites may be 
transmitted from child to child in much the same way. Ex- 
perimental work has demonstrated that Giardia cysts can re- 
main alive outside the human host for only a few hours except 
under very favorable circumstances as regards moisture and 
absence of other deleterious influences. If allowed to dry, 
they perish immediately. An intermediate host has not been 
shown to exist nor to be necessary. The obvious inference on 
the basis of our present knowledge is a rather direct trans- 
ference by fecal contamination of fingers and food. Without 
doubt it is just one more of the unwelcome guests along with 
the tubercle bacillus and metazoan parasites which children 
pick up during the “ dirty age.” 

How long the infestation may last is as vet undetermined. 
This much is certain: A very much higher incidence is de- 
tected in children than in adults. The British figures are very 
consistent on this point. In the same population groups, the 
percentage of adults showing Giardia cysts is from one-third 
to one-fifth that of the children. In this country, as previ- 
ously mentioned, Kofoid, Kornhauser and Plate found 6 
per cent of the healthy, young adult soldiers who had never 
heen outside the United States harboring Giardia. If this 
figure is compared with the 20 per cent of children found 
infested in this investigation, the same discrepancy is 
apparent, 

The explanation suggested is that in a certain number of 
children the infestation is not permanent, and that there is 
either a heightened immunity or lessened exposure in adult 
life. The same phenomenon has been noted in the protozoon 
infestations of certain animals, namely, that the young of the 
species show a far greater degree of infestation than the adults 
of the Same species. Here the lessened exposure 1s hot so 
obvious and greater emphasis must be laid upon factors of 
immunity. These latter may simply be changes in the ba 
terial flora of the intestine or in food habits. To these views 
Dobell * objects that it has not yet been demonstrated in any 
particular instance that an individual once infested with 
Giardia has subsequently been ridded of the parasite. Ab- 
sence of the cysts in the stools does not necessarily mean that 
the organism is no longer present in the intestinal tract. Cyst 
production may be in abeyance in adults. He has himself ob- 
served an infected individual over ten years, and although it is 
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frequently impossible to find the organism in the stools the 
infection is still present and has shown no disappearance from 
the bowel. Obviously it is just as wrong to generalize from 
this one case, and until it has been proved that Giardia is as 
frequent in the intestinal tract of adults as in children, it may 
be assumed that a certain number of children do get rid of 
their Giardia infestations. 

As regards the pathogenicity of Giardia, in view of the large 
number of apparently normal children harboring the organism 
the conclusion is almost forced that in a vast majority of in- 
stances it is present merely as a harmless commensal. On the 
other hand, the fact that, in at least one of the 14 positive cases 
found in this investigation, there was evidence of an intestinal 
disturbance which could possibly be attributed to Giardia 
makes necessary guarded inferences as to its entire harmless- 
ness in children—particularly in very young children. 

There seem to be authentic instances in the literature in 
which individuals harboring this parasite have been subject 
to recurrent attacks of diarrheea, during which they passed 
large quantities of yellowish mucus in which occur the unen- 
eysted Giardia in myriads, and in whom no other explanation 
for the diarrhea is obvious. As Wenyon and O’Connor™* 
point out, it is difficult to explain the large quantity of mucus 
or the occasion of the attacks and, above all, the crowding of the 
mucus with flagellates, without assuming that the mucus must 
be produced by the intestine at the site of the Giardia infection 
and that the flagellates are directly responsible for its pro- 
duction. 

Before this parasite is ruled out as of no importance to chil- 
[ts presence or absence 


NOTES ON 


The Form and Functions of the Central Nervous System. An Intro- 
duction to the Study of Nervous Diseases. By Freperick Tr1- 
ney, M.D., and Henry A. Riey, M.D. Cloth, $12.00. (New 
York, Paul B. Hoeber, 1921.) 


In one volume of a thousand pages the authors have combined 
the important data which are indispensable to a proper understand- 
ing of clinical neurology. No laborious attempt to correlate a mass 
of anatomical facts by doubtful significance has been made. The 
importance of phylogenetic investigations in relation to the func- 
tions of the nervous system of man has been clearly stated. 

The work is of particular value to students and clinicians, since 
it contains much information not available in text-book form in 
Furthermore, that information is clearly set forth in a 
rational manner. The microphotographs and drawings are in most 
instances well reproduced. A few of the former are so dark that 
Very few authors are cited in the text, but a fairly 


dren, a larger experience is required. 


English. 


detail is lost. 
complete bibliography is appended. 

The field of usefulness for the book exists and its appearance should 
be welcomed. V.R.M. 
Physiology and Pathology of the Cerebrospinal Fluid. By Witu1aM 


Boyp. Cloth. (New York: MacMillan Co., 1920.) 


In his preface the author states that “the object of this book is to 
present some of the fascinating physiological problems connected 
with the cerebrospinal fiuid, and to show how they are related to the 
pathological problems which more directly concern the clinician.” 
This object is attained. The subject is presented from a physiological 
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should be recorded in a large series of children suffering from 
nutritional difficulty, intestinal “ indigestion,” abnormal fre- 
quency of defecation, diarrhcea, etc., and compared with a like 
group of children, normal in these respects, and living under 
the same surroundings. 

On the basis of this recent knowledge it is evident that the 
mere finding of a considerable number of Giardia in the stools 
of a child suffering with diarrhea and dysentery does not 
necessarily mean that Giardia is the cause of the condition. 
In fact it would be strange if a great many such cases were not 
found. Misdirected efforts at therapy should also be avoided. 
There is no evidence at the present time that any of the in- 
numerable drugs that have been used are of the slightest value 
in ridding the patient permanently of his infestation. 


CONCLUSIONS 

1. Giardia intestinalis is present in the intestinal tract of 
a large percentage of apparently normal children. 

2. It is rarely found before the first year. 

3. The percentage of infestations appears to be much higher 
in childhood than in adult life. 

t. The finding of a large number of motile Giardia in a 
diarrhcea or dysenteric stool is not sufficient evidence to estab- 
lish the etiologic relationship of this parasite. 

5. In certain rare instances the parasite may be responsible 
for some intestinal disturbance, although this point has not 
yet been firmly established. 





* Wenyon and O’Connor: “ Human Intestinal Protozoa in the Near 
East,” Wellcome Bureau of Scientific Research, London, 1917. 
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standpoint in a clear, if somewhat elementary, fashion. The more 
recently discovered facts pertaining to the origin and circulation of 
the cerebrospinal fluid, and the finer anatomical relationships of the 
subarachnoid space are brought together and correlated in Part I. 
Part II of the book deals with the cerebrospinal fluid in special 
pathological conditions, and a section on therapeutics is herein 
included. It is to be regretted that Part I was not elaborated in more 
detail—to the complete exclusion of Part II from the volume. An 


H. M. 


excellent bibliography is given. 


The Mechanism and Graphic Registration of the Heart Beat. By 
Tuomas Lewis, M.D. Cloth, $16.00. (New York: Paul B 
Hoeber, 1920.) 


Although advance in special methods of cardiac study has been 
remarkably rapid in the last few years, one cannot but feel that 
in a way the crest of the wave has been reached. General principles 
have been pretty well established, and it now remains mainly to work 
out the finer details of the disturbances of cardiac mechanism. 
Another edition of Lewis’s masterly treatise seems, therefore, most 
timely, bringing up to date, as it does, the whole subject. As those 
familiar with the previous editions know, the subject is taken up 
mainly from the standpoint of pathological physiology. The au- 
thority of the writer and the constant references to his own work do 
not interfere with a critical discussion of the literature in general, so 
that the book stands out as a storehouse of information in this large 
end complex domain of medical science. A. L. B. 
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